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Poluteqne–ou.



PER ILHYH

Ta teleuta–a qrÏnia h anàptuxh twn koinwnik∏n dikt‘wn e–nai ragda–a.
Kajhmerinà Ïlo kai perissÏteroi ànjrwpoi g–nontai mËlh se pollËc dia-
diktuakËc platfÏrmec. Kàpoiec apÏ tic pio gnwstËc apotelo‘n to Face-
book, Twitter kai Google+. Oi qr†stec twn koinwnik∏n dikt‘wn pollËc
forËc Ëqoun merikËc ekatontàdec –swc kai qiliàdec f–louc † akolo‘jouc
me apotËlesma to proswpikÏ touc d–ktuo na g–netai arketà megàlo kai
per–ploko. AutÏ Ïmwc odhge– sto ex†c prÏblhma, Ïti oi qr†stec den mpo-
ro‘n me e‘kolo kai automatopoihmËno trÏpo na dhmiourgo‘n omàdec kai
na kathgoriopoio‘n touc f–louc touc kai Ëtsi h sunolik† empeir–a pou
Ëqoun den e–nai aut† pou –swc epijumo‘n.

MËqri stigm†c oi istosel–dec koinwnik†c dikt‘wshc epitrËpoun stouc
qr†stec na kathgoriopoio‘n touc f–louc touc qeirok–nhta. ParÏla autà,
h diadikas–a e–nai arketà d‘skolh kai qronobÏra kai apaite– ananËwsh
kàje forà pou allàzei to proswpikÏ d–ktuo kàje qr†sth.

Sthn paro‘sa diplwmatik '† ergas–a melet∏ntai diàforec teqnikËc mh e-
piblepÏmenhc mhqanik†c màjhshc pou ja mporo‘san na qrhsimopoihjo‘n
gia montelopo–hsh tou ex†c probl†matoc. O algÏrijmoc o opo–oc kata-
skeuàsame prospaje– na omadopoi†sei touc qr†stec kàpoiou koinwniko‘
dikt‘ou me bàsh tic sqËseic pou upàrqoun metax‘ touc kai ep–shc me
bàsh kàpoia koinà qarakthristikà apÏ to prof–l kàje qr†sth. TËloc
o algÏrijmoc mac mpore– na kataskeuàsei k‘klouc oi opo–o allhlepika-
l‘ptontai kaj∏c kai Ënjetouc k‘klouc.

LËxeic kleidià: mhqanik† màjhsh, mh-epiblepÏmenh, omadopo–hsh, koinw-
nikà d–ktua, ekmàjhsh k‘klwn, ekmàjhsh koinot†twn
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A B S T R A C T

In recent years the development of social networks is rapidly increas-
ing. Everyday more and more people join in many internet platforms.
Some of the best known are the Facebook, Twitter and Google+, among
others. Users of social networks often have hundreds and perhaps
thousands of friends or followers and subsequently, their personal
network can become quite large and complex. But this leads to the
following problem that users can not in an easy and automated way
create groups and categorize their friends and thus, overall experi-
ence they have is not what they wish.

So far social networking sites allow users to categorize their friends
manually. However, the process is quite difficult and time consuming
and requires renewal every time a user change their private network.

This thesis has studied various non-supervised machine learning tech-
niques that could be used for modeling this specific problem. The
algorithm that we constructed is trying to group users of a social
network based on the relationships that exist between them and also
based on some common features of the profile of each user. Finally,
our algorithm can construct circles that overlap and also nested cir-
cles.

Keywords: machine learning, non-supervised, clustering, social net-
works, learning circles, learning communities
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EUQARIST IES

Ja †jela arqikà na euqarist†sw thn Kajhg†tria E.M.P kur–a Jeod∏ra
Barbar–gou gia thn empistos‘nh pou mou Ëdeixe d–nontac mou thn eukair–a
na asqolhj∏ me Ëna tÏso ep–kairo kai endiafËron jËma. Ep–shc ja †jela
na euqarist†sw Ïla ta mËlh thc panepisthmiak†c koinÏthtac me ta opo–a
sunanastràfhka autà ta qrÏnia kai me bo†jhsan na fËrw eic pËrac tic
spoudËc mou. Ja †jela na euqarist†sw touc kajhghtËc mou, pou Ïla
autà ta qrÏnia me efod–asan me tic apara–thtec gn∏seic Ëtsi ∏ste na
pet‘qw sth kariËra mou kai genikÏtera sth zw† mou. Ja †jela ep–shc
na euqarist†sw thn oikogËneia mou pou †tan pànta d–pla mou se Ïlec tic
duskol–ec pou antimet∏pisa Ïla autà ta qrÏnia sto E.M.P. TËloc ja
†jela na euqarist†sw Ïlouc touc f–louc kai f–lec pou gn∏risa se autÏ
to tax–di kai touc e‘qomai me th seirà mou, na Ëqoun kàje epituq–a se
Ïlouc touc tome–c thc zw†c touc.
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MËroc I

E ISAGWGH





1
SKOPOS THS PAROUSAS DHPLWMATIKHS
ERGASIAS

Ta mËsa koinwnik†c dikt‘wshc qrhsimopoio‘ntai kajhmerinà apÏ ekatom-
m‘ria qr†stec anà to pagkÏsmio. En Ëth 2016 upàrqoun dekàdec mËsa koi-
nwnik†c dikt‘wshc, kajËna apÏ ta opo–a Ëqei sugkekrimËnec dunatÏthtec
kai leitourg–ec proselk‘ontac me autÏ to trÏpo diaforetikÏ akroat†rio.
O koinÏc paronomast†c sqedÏn se Ïla ta koinwnikà d–ktua e–nai h dh-
miourg–a dikt‘wn anjr∏pwn pou Ëqoun kàpoia koinà qarakthristikà Ïpwc
koinà endiafËronta, koinËc drasthriÏthtec kai Ïmoiec apÏyeic.

'Eqoume parathr†sei diàfora sust†mata metàdoshc plhrofor–ac sto dia-
d–ktuo, metax‘ twn opo–wn topojeto‘me kai ta koinwnikà d–ktua. Se a-
nt–jesh Ïmwc me otid†pote àllo upàrqei sto diad–ktuo, ta koinwnikà
d–ktua peristrËfontai g‘rw apÏ to qr†sth kai Ïqi apÏ to perieqÏmeno.
Oi qr†stec pou e–nai energà mËlh se Ëna koinwnikÏ d–ktuo, dhmiourgo‘n
sundËsmouc me àllouc qr†stec kai dhmosie‘oun to prof–l touc me perie-
qÏmeno pou perikle–etai se autÏ. AutÏ Ëqei wc apotËlesma th dhmiourg–a
koinwnik∏n sqËsewn, thn e‘resh qrhst∏n me koinà endiafËronta kai ton
entopismÏ gn∏shc pou parËqetai apÏ ta mËlh tou dikt‘ou.

Ta koinwnikà d–ktua mac epitrËpoun na akoloujo‘me roËc plhrofori∏n
pou dhmiourgo‘ntai apÏ ekatontàdec f–louc kai gnwsto‘c. Ta àtoma pou
akoloujo‘me paràgoun teràstio Ïgko plhrofori∏n kai gia na antimetw-
p–soume ton uperbolikÏ fÏrto plhrofori∏n prËpei me kàpoio trÏpo na
ta organ∏soume. 'Enac apÏ touc k‘riouc mhqanismo‘c gia touc qr†stec
twn uphresi∏n koinwnik†c dikt‘wshc gia na organ∏soun ta d–ktuà touc
kai to perieqÏmeno pou paràgetai apÏ autà, e–nai na kathgoriopoi†soun
touc f–louc touc, se koinwniko‘c k‘klouc.

Oi koinwniko– k‘kloi apotelo‘n l–stec atÏmwn pou mpore– na qrhsimo-
poihjo‘n gia to filtràrisma tou perieqomËnou pou probàlletai, gia thn
prostas–a thc idiwtik†c zw†c, kaj∏c kai gia thn antallag† omàdwn qrh-
st∏n pou oi upÏloipoi mpore– na epijumo‘n na akolouj†soun. SqedÏn
Ïla ta megàla koinwnikà d–ktua parËqoun aut† th leitourgikÏthta. Gia
paràdeigma, koinwniko– k‘kloi, sto Google+ onomàzontai aplà k‘kloi,
sto Twitter kai sto Facebook onomàzontai l–stec.

O “idiokt†thc”, pou sth per–ptwsh mac e–nai o qr†sthc, enÏc tËtoiou
dikt‘ou mpore– na sqhmat–sei k‘klouc me bàsh ta koinà qarakthristi-
kà kai desmo‘c pou Ëqoun oi qr†stec pou akolouje–. Gia paràdeigma, o
qr†sthc mpore– na epijume– na moiraste–, to teleuta–o àrjro tou thev-
erge.com mÏno me touc f–louc touc apÏ to tm†ma plhroforik†c, en∏ tic
oikogeneiakËc fwtograf–ec mÏno me to stenÏ tou oikogeneiakÏ k‘klo.
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4 SKOPOS THS PAROUSAS DHPLWMATIKHS ERGASIAS

Ant–stoiqa, mpore– na epijume– na perior–sei thn posÏthta twn plhro-
fori∏n pou lambànei apÏ touc paidiko‘c tou f–louc. Gia autÏ oi k‘kloi
jewro‘ntai anapÏspasto kommàti twn koinwnik∏n dikt‘wn, kai autËc e-
–nai oi leitourg–ec pou epidi∏koun na dieukol‘noun.

Aut† th stigm†, oi qr†stec se Facebook, Google+ kai Twitter prosdio-
r–zoun touc k‘klouc touc, e–te qeirok–nhta e–te me kàpoio afel† trÏpo,
gia paràdeigma, me ton entopismÏ touc f–louc touc pou Ëqoun orismËna
koinà qarakthristikà † idiÏthtec. Kam–a prosËggish den e–nai idia–tera
ikanopoihtik†. H pr∏th e–nai qronobÏra kai den enhmer∏netai autÏmata
kaj∏c o qr†sthc prosjËtei perissÏterouc qr†stec sto koinwnikÏ tou
d–ktuo, en∏ h de‘terh apotugqànei arketà suqnà kur–wc Ïtan kàpoia apÏ
ta stoiqe–a enÏc qr†sth den upàrqoun † den e–nai akrib†.Oi k‘kloi apote-
lo‘n qarakthristikÏ kàje sugkekrimËnou qr†sth, kaj∏c kàje qr†sthc
organ∏nei to proswpikÏ tou d–ktuo, me diaforetikÏ trÏpo apÏ Ïlouc
touc àllouc qr†stec. Oi k‘kloi mpore– na epikal‘ptontai (Ënac k‘kloc
f–lwn apÏ thn –dia pÏlh mpore– na epikal‘ptetai me Ënan k‘klo f–lwn
apÏ to –dio to panepist†mio).[42]

Parade–gmata k‘klwn pou dhmiourgo‘ntai apÏ Ëna qr†sth parousiàzo-
ntai sthn pio kàtw eikÏna.

Sq†ma 1.1: 'Ena d–ktuo me epishmasmËnouc k‘klouc. O kentrikÏc qr†sthc (u),
e–nai f–loc me Ïlouc touc àllouc qr†stec sto d–ktuo.

Parà to gegonÏc Ïti, Ënac k‘kloc, den e–nai akrib∏c to –dio me mia koinÏth-
ta, oi basikËc arqËc an–qneushc koinot†twn isq‘oun se megàlo bajmÏ.[38]
En∏ oi klasiko– algÏrijmoi omadopo–hshc upojËtoun as‘ndetec koinÏth-
tec pollo– ereunhtËc Ëqoun probe– sth parat†rhsh Ïti oi koinÏthtec
sto pragmatikÏ kÏsmo mporo‘n na epikal‘ptontai † na Ëqoun ierarqik†
dom†.[47]

Se aut† th diplwmatik† ergas–a ja asqolhjo‘me me to prÏblhma thc
autÏmathc dhmiourg–ac koinwnik∏n k‘klwn tou kàje qr†sth. Sugkekri-
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mËna, d–netai Ënac qr†sthc me to proswpikÏ tou koinwnikÏ d–ktuo kai
o stÏqoc mac e–nai na dhmiourg†soume touc k‘klouc tou, kajËnac apÏ
touc opo–ouc apotele– Ëna upos‘nolo twn f–lwn tou. Gia na epiteuqje-
–, h automatopoihmËnh eisagwg† twn f–lwn tou qr†sth se koinwniko‘c
k‘klouc, ja qrhsimopoi†soume diàforec teqnikËc mh epiblepÏmenhc mh-
qanik†c màjhshc.

Oi k‘kloi e–nai diaforetiko– gia kàje qr†sth, kaj∏c kàje qr†sthc or-
gan∏nei to proswpikÏ tou d–ktuo diaforetikà apÏ kàje àllo qr†sth
pou e–nai sundedemËnoc maz– tou. AutÏ shma–nei Ïti mporo‘me na or–sou-
me to prÏblhma thc an–qneushc k‘klwn wc Ëna prÏblhma omadopo–hshc.
Sth pràxh oi k‘kloi mpore– na allhlokal‘ptontai metax‘ touc † na or-
gan∏nontai ierarqikà (gia paràdeigma oi qr†stec apÏ Ëna màjhma sto
panepist†mio e–nai upos‘nolo tou dikt‘ou twn qrhst∏n pou foito‘n se
autÏ to panepist†mio). Sqediàsame to montËlo mac, Ëqontac upÏyin kai
touc d‘o trÏpouc sumperiforàc.

Se genikËc grammËc, upàrqoun d‘o qr†simec phgËc dedomËnwn pou ja
bohj†soun sth sqed–ash tou algÏrijmou. H pr∏th, e–nai to s‘nolo twn
akm∏n tou dikt‘ou. AnamËnoume Ïti, oi k‘kloi sqhmat–zontai apÏ puknà
sundedemËna s‘nola apÏ f–louc.[43]WstÏso, oi k‘kloi epikal‘ptontai
se megàlo bajmÏ dhlad† oi f–loi tou qr†sth an†koun se pollaplo‘c
k‘klouc tautÏqrona. Ep–shc, pollo– k‘kloi e–nai ierarqikà topojeth-
mËnoi mËsa se megal‘terouc. 'Etsi, e–nai shmantikÏ na montelopoi†soume
thn idiÏthta twn qrhst∏n na e–nai mËlh se pollo‘c k‘klouc tautÏqro-
na. De‘teron, anamËnoume Ïti kàje k‘kloc e–nai Ïqi mÏno puknà sun-
dedemËnoc, allà Ïti ta mËlh tou Ëqoun ep–shc koinà qarakthristikà †
idiÏthtec.[25]Wc ek to‘tou, ja prËpei na montelopoi†soume rhtà tic di-
àforec sunist∏sec twn prof–l twn qrhst∏n gia touc k‘klouc pou pro-
k‘ptoun.

Ja montelopoi†soume tic omoiÏthtec metax‘ qrhst∏n wc mia sunàrth-
sh koin∏n qarakthristik∏n twn prof–l twn qrhst∏n. Prote–noume, mia
mh epiblepÏmenh mËjodo mhqanik†c màjhshc gia na màjoume poia qara-
kthristikà twn prof–l twn qrhst∏n, odhgo‘n se puknà sundedemËnouc
k‘klouc.

To montËlo mac Ëqei d‘o basikËc diaforËc se s‘gkrish me ta upàrqon
montËla. Kat’ arqàc, kàje kÏmboc e–te apotele– mËloc tou k‘klou e–te
Ïqi. De‘teron, prote–nontac Ëna parametropoihmËno orismÏ thc omoiÏth-
tac twn prof–l maja–noume poia qarakthristikà e–nai shmantikÏtera gia
th dhmiourg–a kàje k‘klou. AutÏ to petuqa–noume epitrËpontac se kàje
k‘klo na Ëqei Ëna diaforetikÏ orismÏ gia thn omoiÏthta twn prof–l twn
qrhst∏n. Dhlad†, ja mporo‘san na dhmiourghjo‘n k‘kloi me bàsh to
–dio sqole–o † me bàsh th topojes–a pou mËnei o qr†sthc. 'Opwc pa-
rathro‘me (Sq†ma 1), oi d‘o k‘kloi dhmiourg†jhkan apÏ diaforetikà
qarakthristikà (p.q Sqole–o, TÏpoc Diamon†c).

Axiologo‘me th mËjodo mac se s‘nolo dedomËnwn 1143 dikt‘wn apÏ ta
koinwnikà d–ktua Facebook, Twitter kai Google+, gia ta opo–a gnw-
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r–zoume †dh apÏ prin Ïti periËqoun 5636 k‘klouc, touc opo–ouc Ëqoun
dhmiourg†sei oi qr†stec qeirok–nhta.

Ta peiramatikà apotelËsmata de–qnoun Ïti, lambànontac tautÏqrona u-
pÏyh th dom† twn koinwnik∏n dikt‘wn, kaj∏c kai plhrofor–ec gia to
prof–l tou qr†sth, h mËjodÏc mac apod–dei shmantikà kal‘tera apÏ tic
fusikËc enallaktikËc. PËran tou Ïti e–nai pio akrib†c, h mËjodoc mac
epitrËpei ep–shc na exhg†soume giat– orismËnoi kÏmboi an†koun se koinËc
koinÏthtec. H mËjodoc mac ulopoie– algÏrijmo mhqanik†c màjhshc qwr–c
ep–bleyh kai e–nai se jËsh na prosdior–sei autÏmata tÏso ton arijmÏ twn
k‘klwn, kaj∏c kai touc –diouc touc k‘klouc.



MËroc II

KOINWNIKA DIKTUA





2
PARAGWG IKO MONTELO G IA F IL IES STA
KOINWNIKA DIKTUA

2.1 Koinwnikà d–ktua

Koinwnikà d–ktua onomàzoume tic diadiktuakËc teqnologikËc platfÏrmec
oi opo–ec epitrËpoun th dhmos–eush perieqomËnou kai plhrofori∏n, thn
anàptuxh kat’ arq†n epikoinwniak∏n kai sth sunËqeia koinwnik∏n, poli-
tik∏n kai oikonomik∏n sqËsewn kai desm∏n metax‘ twn anjr∏pwn.

Mia uphres–a koinwnik†c dikt‘wshc apotele– mia platfÏrma pou Ëqei wc
skopÏ thn oikodÏmhsh koinwnik∏n sqËsewn metax‘ anjr∏pwn pou Ëqoun
koinà endiafËronta, drasthriÏthtec, upÏbajra † sundËseic sth pragma-
tik† zw†. Apotele–tai apÏ thn apeikÏnis† tou kàje qr†sth, tic sundËseic
pou upàrqoun metax‘ touc kai apÏ mia plhj∏ra epiprÏsjetwn uphresi∏n.
Ta perissÏtera koinwnikà d–ktua e–nai basismËna se web based uphre-
s–ec pou epitrËpoun stouc qr†stec touc na dhmiourg†soun Ëna dhmÏsio
prof–l, m–a l–sta me àllouc qr†stec oi opo–oi apotelo‘n tic sundËseic
touc, kaj∏c kai na blËpoun tic sugkekrimËnec sundËseic. ParËqoun stouc
qr†stec, th dunatÏthta na allhlepidro‘n mËsw tou diadikt‘ou me hle-
ktronik† allhlograf–a, mhn‘matà kai arketËc àllec uphres–ec anàloga
me to e–doc tou koinwniko‘ dikt‘ou. Ta mËsa koinwnik†c dikt‘wshc epi-
trËpoun ep–shc stouc qr†stec na moiràzontai idËec, eikÏnec, drasthri-
Ïthtec, ekdhl∏seic kai endiafËronta.[1]

Me bàsh thn idËa Ïti kàje d‘o ànjrwpoi ston plan†th ja mporo‘san
na Ërjoun se epaf† mËsw miac alus–dac pou den uperba–nei touc pËnte
endiàmesouc qr†stec, h koinwnik† dikt‘wsh jesp–zei diasundedemËnec dia-
diktuakËc koinÏthtec (merikËc forËc gnwstËc kai wc koinwnikà graf†ma-
ta) pou bohjo‘n touc anjr∏pouc na kànoun diaforetikà me bàsh kàpoia
koinà endiafËronta, pou ja †tan ad‘nato na gnwristo‘n diaforetikà.[10]

2.1.1 Facebook

To Facebook e–nai istoq∏roc koinwnik†c dikt‘wshc pou idr‘jhke stic
4 Febrouar–ou tou 2004. Oi qr†stec mporo‘n na epikoinwno‘n mËsw mh-
numàtwn me tic epafËc touc kai na touc eidopoio‘n Ïtan anane∏noun tic
proswpikËc plhrofor–ec touc. 'Oloi Ëqoun ele‘jerh prÏsbash sto na
summetàsqoun se d–ktua pou sqet–zontai mËsw panepisthm–ou, jËsewn a-
pasqÏlhshc † gewgrafik∏n perioq∏n. H eggraf† e–nai dwreàn, kai Ïpwc
Ëqei dhl∏sei o dhmiourgÏc tou ‘e–nai dwreàn kai ja e–nai gia pànta’.

9
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O Mark Zàkermpergk –druse to Facebook wc mËloc tou Panepisthm–ou
Qàrbarnt. Arqikà dika–wma summetoq†c e–qan mÏno oi foithtËc tou Qàr-
barnt en∏ argÏtera epektàjhke gia to Ivy League. To Ïnoma thc isto-
sel–dac proËrqetai apÏ ta Ëggrafa parous–ashc twn mel∏n panepisth-
miak∏n koinot†twn merik∏n Amerikànikwn koleg–wn pou qrhsimopoio‘san
oi neoeiserqÏmenoi spoudastËc gia na gnwristo‘n metax‘ touc. To 2005
to dika–wma prÏsbashc epektàjhke se majhtËc sugkekrimËnwn luke–wn
kai mËlh orismËnwn majhtik∏n koinot†twn, en∏ to 2006 h uphres–a Ëgine
prosbàsimh se kàje ànjrwpo tou plan†th pou h hlik–a tou xeperno‘se
ta 13 qrÏnia. To Facebook e–qe to 2013 pànw apÏ 1 disekatomm‘rio e-
nergo‘c qr†stec. Ep–shc, to Facebook e–nai Ëna apÏ ta dhmofilËstera
sitec gia anËbasma fwtografi∏n me pànw apÏ 14 ekatomm‘ria fwtogra-
f–ec kajhmerinà.[8]

Me aform† th dhmotikÏthtà tou, to Facebook Ëqei uposte– kritik† kai
kathgorhje– se jËmata pou aforo‘n ta proswpikà dedomËna kai tic poli-
tikËc apÏyeic twn idrut∏n tou. WstÏso h sugkekrimËnh istosel–da para-
mËnei h pio diàshmh koinwnik† perioq† dikt‘wshc se pollËc q∏rec anà to
pagkÏsmio. To Facebook e–nai Ënac kalÏc trÏpoc dikt‘wshc me f–louc
kai gnwsto‘c. Parà to Ïti enËqei kind‘nouc (kur–wc gia parab–ash pro-
swpik∏n dedomËnwn), o prosektikÏc qr†sthc katà pàsa pijanÏthta den
ja Ëqei kàpoio prÏblhma. To Facebook akÏma parËqei paiqn–dia kai u-
pàrqei h dunatÏthta anebàsmatoc fwtografi∏n kai b–nteo.

Ton Apr–lio tou 2011, to Facebook prosËfere thn eukair–a se empÏrouc
kai etaire–ec na prowjhjo‘n mËsw auto‘. H etaire–a xek–nhse thn pro-
∏jhsh thc proskal∏ntac m–a epilegmËnh omàda Bretan∏n diafhmist∏n
na sunant†soun ta korufa–a stelËqh tou Facebook se m–a ‘s‘nodo ko-
ruf†c empneust∏n’ to Febrouàrio tou 2010. MËqri s†mera to Facebook
Ëqei emplake– se kampàniec gia toTrue Blood, to American Idol kai to
Top Gear. MËsa enhmËrwshc Ïpwc h Washington Post, h Finanacial
Times kai to ABS News Ëqoun qrhsimopoi†sei sugkentrwtikà dedomËna
twn qrhst∏n tou Facebook ∏ste na dhmiourg†soun diàforec grafikËc
parousiàseic dedomËnwn kai diagràmmata pou sunode‘oun ta àrjra touc.
[6]

2.1.2 Twitter

To Twitter e–nai Ëna KoinwnikÏ D–ktuo to opo–o an†kei sthn eur‘terh ka-
thgor–a twn Social Media kai jewre–tai to de‘tero dhmofilËstero aut†
th stigm† p–sw apÏ to Facebook. Dhmiourg†jhke ton màrtio tou 2006
apÏ ton Tzak NtÏrse kai dhmosie‘jhke ton Io‘lio tou –diou qrÏnou.
S‘mfwna me ta teleuta–a oikonomikà apotelËsmata, to Twitter Ëqei mh-
nia–a 316 ekatomm‘ria energo‘c qr†stec.[8] AutÏ pou qarakthr–zei to
sugkekrimËno KoinwnikÏ D–ktuo apÏ ta upÏloipa, e–nai oi dhmosie‘seic
me Ïrio touc 140 qarakt†rec, kaj∏c ep–shc kai h pro∏jhsh tou dhmÏsiou
dialÏgou. H qr†sh tou Ëqei na kànei kur–wc me thn enhmËrwsh. Sto Twit-



2.1 KOINWNIK'A D'IKTUA 11

ter de sunantàei kane–c fil–ec, allà akÏloujouc, † alli∏c followers.
Den e–nai apara–thto gia d‘o qr†stec na akolouje– o Ënac ton àllon.
Kàje qr†sthc akolouje– Ïpoiouc jËlei kai akolouje–tai apÏ opoiond†po-
te. AutÏ shma–nei pwc o kajËnac diamorf∏nei thn arqik† tou sel–da me
perieqÏmeno to opo–o epijume–, an kai to Twitter Ëkane prÏsfata kàpoiec
allagËc.

Se s‘gkrish me to Facebook to opo–o filtràrei kai de–qnei sto qr†sth
sugkekrimËnec dhmosie‘seic sthn arqik† sel–da kai Ïqi Ïlec, Ïpoiec autÏ
jewre– shmantikÏterec, sto Twitter emfan–zontai Ïla ta tweets twn qrh-
st∏n pou akolouje– kane–c. M–a apÏ tic shmantikÏterec leitourg–ec twn
Koinwnik∏n Dikt‘wn, ta hashtags, kajier∏jhkan apÏ to Twitter kai
qrhsimopoio‘ntai se megàlo bajmÏ gia sugkËntrwsh Ïlwn twn tweets
g‘rw apÏ mia suz†thsh. Oi kuriÏterec leitourg–ec tou Twitter e–nai to
retweet to opo–o qrhsimopoie–tai gia koinopo–hsh enÏc tweet, to favorite
to opo–o qrhsimopoie–tai perissÏtero wc to like tou Facebook, kai to
reply to opo–o qrhsimopoie–tai gia apànthsh se Ëna tweet.

To Twitter e–nai Ëna mËso to opo–o enisq‘ei to dhmÏsio diàlogo, kàti to
opo–o e–nai efiktÏ afo‘ de mpore– kane–c na fluar†sei me to Ïrio twn 140
qarakt†rwn. TËloc, qrhsimopoie–tai apÏ pollËc diàshmec proswpikÏth-
tec kai ta perissÏtera Ëktakta nËa kai eid†seic proËrqontai apÏ autÏ.
Sto Twitter e–nai Ïloi ‘dhmosiogràfoi’. [7]

2.1.3 Google+

To Google+ e–nai Ëna apÏ ta neÏtera koinwnikà d–ktua, afo‘ fËtoc Ëklei-
se ta tËssera qrÏnia leitourg–ac tou. H Google to jewre– perissÏtero
wc m–a koinwnik† platfÏrma pànw sthn opo–a Ëqei sundËsei Ïlec tic u-
pÏloipec uphres–ec thc, afo‘ to prof–l sto Google+ qrhsimopoie–tai gia
uphres–ec Ïpwc to YouTube, Gmail, klp. Ep–shc, mËsw tou sugkekri-
mËnou koinwniko‘ dikt‘ou Ëgine m–a prospàjeia s‘ndeshc twn sel–dwn
twn diafÏrwn sites tou –nternet me touc katÏqouc touc sthn anaz†thsh
thc Google.

H teleuta–a mËtrhsh qrhst∏n tou Okt∏brh 2013, Ëdeixe pwc to Google+
metrà pànw apÏ 540 ekat. energo‘c qr†stec mËsw twn diafÏrwn uphre-
si∏n thc Google, en∏ apokleistikà mËsw tou koinwniko‘ dikt‘ou upàr-
qoun pànw apÏ 300 ekat. energo– qr†stec. [9] ParÏla autà, pollo– to
jewro‘n wc ‘pÏlh fàntasma’, afo‘ arketo– e–nai eke–noi oi opo–oi kàpoia
stigm† dhmio‘rghsan Ëna prof–l kai to paràthsan gr†gora, kur–wc epei-
d† h Google prospàjhse na epibàlei th qr†sh tou. AutÏ pou xeqwr–zei
to Google+ apÏ ta upÏloipa koinwnikà d–ktua e–nai h uphres–a Hang-
outs gia b–nteo kl†seic Ëwc 10 qrhst∏n kai oi auxhmËnec dunatÏthtec
epexergas–ac fwtografi∏n.

H Google Ëqei perigràyei to Google+ wc Ëna ‘koinwnikÏ str∏ma’ pou
belti∏nei pollËc apÏ tic diaduktiakËc uphres–ec thc, to opo–o den e–nai
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aplà mia istosel–da koinwnik†c dikt‘wshc, allà e–nai ep–shc Ëna erga-
le–o suggrafiko‘ dikai∏matoc pou sunode‘ei perieqÏmeno pou br–sketai
sto PagkÏsmio IstÏ àmesa me ton idiokt†th/suggrafËa tou. An kai apÏ
pollo‘c jewre–tai wc o de‘teroc megal‘teroc istoq∏roc koinwnik†c di-
kt‘wshc sto kÏsmo metà to Facebook, ta perissÏtera site statistik∏n
dedomËnwn de–qnoun Ïti Ëqei per–pou 300 ekatomm‘ria energo‘c qr†stec
to m†na.[8] To Google+ periËqei ep–shc sel–dec epiqeir†sewn, Ïmwc to
dunatÏtero qart– tou e–nai oi koinÏthtec. Jum–zoun Facebook groups,
Ïmwc e–nai pio e‘qrhstec afo‘ mporo‘n na periËqoun pollËc enÏthtec
jemàtwn kai fusikà h jematolog–a touc poik–llei, gia thn akr–beia o-
poiod†pote jËma mpore–te na fantaste–te.

Oi leitourg–ec dhmosie‘sewn tic opo–ec qrhsimopoio‘n oi qr†stec Ëqoun
na kànoun me to +1, to opo–o qrhsimopoie–tai Ïpwc to like tou Face-
book, thn koinopo–hsh kai fusikà ta sqÏlia. Ep–shc, diajËsimh e–nai kai
h leitourg–a twn hashtags. To Google+ Ëqei kànei exairetik† douleià
ston tomËa twn fwtografi∏n, afo‘ mpore– autÏmata kai tic belti∏nei
metà to upload tou qr†sth, periËqei exairetikà ergale–a epexergas–ac,
en∏ ep–shc mpore– kai dhmiourge– autÏmata diàfora Ïmorfa efË stic fw-
tograf–ec twn qrhst∏n stic kinhtËc suskeuËc.

Sq†ma 2.1: Mhnia–oi qr†stec se kàje koinwnikÏ d–ktuo.

2.2 Montelopo–hsh koinwnik∏n allhlepidràsewn me gràfouc

2.2.1 K‘kloi

Oi koinwniko– k‘kloi apotelo‘n to s‘nolo twn desm∏n pou anapt‘sso-
ntai mËsw twn sqËsewn twn anjr∏pwn. E–nai Ënac elastikÏc Ïroc me mia
poikil–a orism∏n, se pollaplà ep–peda. O Ïroc autÏc qrhsimopoie–tai a-
pÏ pollËc diaforetikËc koinwnikËc epist†mec. H Ënnoia tou Ïrou auto‘,
anadeikn‘ei thn ax–a twn koinwnik∏n sqËsewn kai tou rÏlou thc sunerga-



2.2 MONTELOPO'IHSH KOINWNIK'WN ALLHLEPIDR'ASEWN ME GR'AFOUS 13

s–ac kai empistos‘nhc. 'Enac apÏ touc diajËsimouc kai epikratËsterouc
orismo‘c e–nai:

‘Apotele– to s‘nolo twn pÏrwn, pragmatik∏n † eikonik∏n, pou apoko-
m–zei Ëna àtomo † mia omàda atÏmwn, dunàmei enÏc anjektiko‘ dikt‘ou, me
perissÏtero † ligÏtero jesmojethmËnec sqËseic amoiba–ac gnwrim–ac kai
anagn∏rishc”. [39]

Ta pleonekt†mata pou prok‘ptoun apÏ autËc tic sqËseic mpore– na dia-
fËroun wc proc thn morf† kai th leitourg–a touc, pànta me bàsh thn
allhlodias‘ndesh metax‘ aut∏n twn sqËsewn (se atomikÏ † sullogikÏ
ep–pedo). H Ënnoia tou koinwniko‘ k‘klou, gia touc qr†stec twn mËswn
koinwnik†c dikt‘wshc epitrËpei se auto‘c na antl†soun pÏrouc apÏ ta
upÏloipa mËlh twn k‘klwn sta opo–a an†koun. Oi pÏroi auto– mpore– na
e–nai qr†simec plhrofor–ec, anàptuxh koinwnik∏n sqËsewn, kaj∏c kai
apÏkthsh gn∏shc † kai yuqologik†c upost†rixhc. Ja mporo‘same na
po‘me Ïti o Ïroc tou koinwniko‘ k‘klou qwr–zetai se d‘o kathgor–ec.
H pr∏th kathgor–a apotele–tai apÏ touc k‘klouc stouc opo–ouc Ëqoume
asjene–c desmo‘c, dhlad† desmo‘c oi opo–oi anapt‘ssontai eurËwc sthn
koinwn–a thc plhrofÏrhshc kai thc enhmËrwshc, allà, ta àtoma ta opo–a
apotelo‘n sustatikÏ mËroc aut∏n twn desm∏n den Ëqoun kàpoia fusik†
sqËsh.

Sthn ant–pera Ïqjh Ëqoume touc k‘klouc, metax‘ twn atÏmwn me duna-
tËc kai stenËc sqËseic. Sthn kathgor–a aut† perilambànontai kur–wc,
h Ënnoia thc oikogËneiac kai oi steno– f–loi. Paràllhla, dhmiourge–tai
kai mia tr–th kathgor–a, h opo–a apotele–tai apÏ qr†stec me touc opo-
–ouc e–qame kàpoia fusik† sqËsh sto pareljÏn. Ta koinwnikà d–ktua mac
d–noun thn dunatÏthta na e–maste se epaf† me auto‘c touc qr†stec, an
kai plËon, den Ëqoume kam–a fusik† sqËsh me auto‘c. Ta koinwnikà d–ktua
prosfËroun arketËc dunatÏthtec gia qr†stec, pou se diaforetikËc peri-
stàseic, ja antimet∏pizan duskol–a ston sqhmatismÏ kai thn diat†rhsh
isqur∏n kai asjen∏n desm∏n. To diad–ktuo mpore– na bohj†sei ta Ïqi
tÏso koinwnikà àtoma, na kal‘youn autÏ to kenÏ, lÏgw twn periori-
smËnwn desm∏n me f–louc kai ge–tonec. 'Etsi, diapist∏noume pwc kàpoiec
morfËc epikoinwn–ac, mes∏ upologist†, mporo‘n na mei∏soun ta empÏdia
gia allhlep–drash kai na enjarr‘noun perissÏtero ta àtoma me qamhl†
autopepo–jhsh kai na dieur‘noun tic diaproswpikËc touc sqËseic. En ka-
takle–di, ta mËsa koinwnik†c dikt‘wshc, mporo‘n na epitrËyoun sundËseic
kai allhlepidràseic me qr†stec, pou diaforetikà den ja †tan e‘kolo kai
efiktÏ na sumbo‘n.

Me thn pàrodo tou qrÏnou, kaj∏c oi sqËseic diamorf∏nontai † kai ka-
tastrËfontai, oi koinwniko– k‘kloi allàzoun. SugkekrimËna, shmanti-
kËc allagËc sth zw† enÏc qr†sth Ïpwc gia paràdeigma na metakom–sei
se kàpoia àllh pÏlh, katà pàsa pijanÏthta ja dhmiourg†sei kaino‘r-
giec gnwrim–ec me apotËlesma na diamorf∏sei kai àllouc koinwniko‘c
k‘klouc. Sumpera–noume loipÏn Ïti, ta koinwnikà d–ktua den qrhsimo-
poio‘ntai mÏno gia th diat†rhsh twn ufistàmenwn koinwnik∏n k‘klwn,
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allà e–nai ep–shc efikt† kai h dhmiourg–a kaino‘rgiwn sqËsewn, Ëtsi ∏ste
na epekte–noun ton koinwnikÏ touc k‘klo kai se kaino‘rgiec diastàseic.

2.2.2 Gràfoi allhlepidràsewn

O stÏqoc thc anàlushc thc allhlep–drashc twn qrhst∏n tou Facebook,
Google+ kai Twitter e–nai na katalàboume p∏c oi koinwnikËc sundËseic
apotelo‘n sthn pragmatikÏthta endeiktikÏ mËtro gia thn energÏ allhle-
p–drash metax‘ twn qrhst∏n. Qrhsimopoi∏ntac dedomËna apÏ ta koinwni-
kà d–ktua, apodeikn‘etai Ïti meriko– apÏ touc koinwniko‘c desmo‘c apo-
telo‘n energËc koinwnikËc sqËseic. Ta apotelËsmata autà upodhl∏noun
Ïti oi koinwniko– desmo–, kai ta koinwnikà graf†mata, den apotelo‘n a-
kribe–c de–ktec twn koinwnik∏n sqËsewn metax‘ twn qrhst∏n.[28] AutÏ
Ëqei sobarËc epipt∏seic gia thn anerqÏmenh genià twn efarmog∏n pou
axiopoio‘n ta koinwnikà graf†mata.

Gia thn kal‘terh diaforopo–hsh metax‘ twn energ∏n qrhst∏n kai eke-
–nwn pou apl∏c sundËontai, eisàgetai h Ënnoia twn grafhmàtwn allhle-
p–drashc.Or–zoume Ëna gràfhma allhlepidràsewn wc Ëna mh-kateujunÏmeno
gràfhma G’(n, t) = (V, I). 'Ena koinwnikÏ gràfhma G = (V, E) kai gràfhma
allhlepidràsewn G’ moiràzontai to –dio s‘nolo koruf∏n V. Ento‘toic,
to koinwnikÏ gràfhma G qrhsimopoie– to s‘nolo akm∏n E (oi opo–ec
e–nai oi koinwnikËc sqËseic metax‘ twn qrhst∏n), en∏ to gràfhma allh-
lepidràsewn G’ qrhsimopoie– to s‘nolo akm∏n I (to opo–o apotele– tic
allhlepidràseic metax‘ twn qrhst∏n). To I e–nai upos‘nolo tou E.[48]

'Ena gràfhma allhlepidràsewn parametropoie–tai apÏ d‘o stajerËc, tic
n kai t. AutËc oi stajerËc filtràroun akmËc apÏ to s‘nolo twn allhlepi-
dràsewn I. H stajerà n or–zei Ëna elàqisto arijmÏ allhlepidràsewn Ëtsi
∏ste gia kàje akm† iu,v na isq‘ei |iu,v| > n. Gia paràdeigma, an n=2, tÏte
h akm† metax‘ twn qrhst∏n u kai v ja upàrqei sto gràfhma allhlepi-
dràsewn mÏno an upàrqoun 2 † perissÏterec sunolikËc dhmosie‘seic sto
prof–l twn qrhst∏n u kai v. H paràmetroc t or–zei Ëna qronikÏ diàsthma
katà to opo–o prËpei na Ëqoun sumbe– oi allhlepidràseic. Se sunduasmÏ
oi paràmetroi n kai t jËtoun Ëna Ïrio sto rujmÏ twn allhlepidràsewn.
Diaisjhtikà, Ëna gràfhma allhlep–drashc e–nai to upos‘nolo tou koi-
nwniko‘ graf†matoc, h allhlep–drash metax‘ twn termatik∏n shme–wn
kàje akm†c, e–nai megal‘terh † –sh me to posostÏ pou or–zetai apÏ to
n kai to t . O bajmÏc allhlepidràsewn enÏc qr†sth e–nai o arijmÏc twn
kÏmbwn pou geitniàzoun me ton qr†sth u sto G’ . Ant–stoiqa sto G e–nai
o bajmÏc enÏc kÏmbou. [49]

Or–zoume ta graf†mata allhlepidràsewn wc mh kateujunÏmena gia d‘o
lÏgouc. Pr∏ton, kajist∏ntac ta graf†mata allhlepidràsewn mh kateu-
junÏmena mac epitrËpei na ta sugkr–noume àmesa me ta koinwnikà gra-
f†mata qrhsimopoi∏ntac touc –diouc Ïrouc. De‘teron, oi koinwnikËc e-
farmogËc Ëqoun sqediaste– gia mh kateujunÏmenouc gràfouc, kai wc ek
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to‘tou prËpei na or–soume ta graf†mata allhlepidràsewn me ton –dio
trÏpo.

An kai oi allhlepidràseic e–nai ek f‘sewc kateujunÏmenec, e–nai logikÏ
na tic montelopoio‘me wc mh kateujunÏmenec eàn mpore– na apodeiqje– Ïti,
gia Ëna sugkekrimËno s‘nolo dedomËnwn, oi allhlepidràseic metax‘ twn
qrhst∏n e–nai parÏmoiec. ParÏla autà, kàti tËtoio isq‘ei perissÏtero
sto Facebook kai sto Google+ allà Ïqi tÏso sto Twitter. [50]

2.3 Anàlush koinwnik∏n gràfwn kai koinwnik∏n dikt‘wn

H teqnik† anàlushc koinwnik∏n dikt‘wn Ëqei uposte– mia anagËnnhsh me
thn teràstia posÏthta dedomËnwn apÏ ta social media kai tic istose-
l–dec. To perieqÏmeno autÏ e–nai mia plo‘sia phg† dedomËnwn gia thn
kataskeu† kai thn anàlush twn koinwnik∏n dikt‘wn, allà e–nai teràstio
se mËgejoc kai e–nai apÏ th f‘sh tou adÏmhto me apotËlesma na parou-
siàzontai pollaplËc prokl†seic. Oi teqnikËc anal‘seic gràfwn Ëqoun
apodeiqje– qr†sima ergale–a gia thn ep–lush aut∏n twn prokl†sewn.

Wc sunËpeia thc allag†c twn oikonomik∏n kai thc koinwnik†c pragmati-
kÏthtac, h auxhmËnh diajesimÏthta pragmatik∏n dedomËnwn shmatodote–
mia nËa epoq† Ëreunac kai anàptuxhc twn koinwnik∏n dikt‘wn. H po-
sÏthta twn dedomËnwn pou dhmiourge–tai kàje mËra apÏ ta social media,
istosel–dec kai suskeuËc kinht†c thlefwn–ac prosfËrei megàlec eukai-
r–ec kai monadikËc prokl†seic gia thn autÏmath anàlush, prÏbleyh, kai
perilhptik† parous–ash. [13]

H anàlush twn koinwnik∏n dikt‘wn e–nai h diadikas–a diere‘nhshc koi-
nwnik∏n dom∏n mËsw thc qr†shc thc jewr–ac grafhmàtwn kai dikt‘wn.
Qarakthr–zei d–ktua ta opo–a apeikon–zontai wc gràfoi, Ëqontac wc kÏm-
bouc exatomikeumËnouc paràgontec, anjr∏pouc, † pràgmata entÏc tou
dikt‘ou, kai wc akmËc touc desmo‘c pou ta sundËoun. Parade–gmata twn
koinwnik∏n dom∏n pou sun†jwc optikopoio‘ntai mËsw thc anàlushc twn
koinwnik∏n dikt‘wn perilambànoun sun†jwc koinwnikà d–ktua mËswn ma-
zik†c enhmËrwshc, tic sqËseic fil–ac metax‘ qrhst∏n kaj∏c kai opoies-
d†pote sqËseic mporo‘me na anal‘soume anàloga apÏ to kàje koinwnikÏ
d–ktuo. Ta d–ktua e–nai suqnà oratà mËsw diagrammàtwn sociograms sta
opo–a oi kÏmboi anapar–stantai wc shme–a kai oi desmo– anapar–stantai
wc grammËc.[45, 46, 29]

'Eqei anadeiqje– wc basik† teqnik† sth s‘gqronh koinwniolog–a. 'Eqei
ep–shc apokt†sei shmantik† jËsh sthn anjrwpolog–a, biolog–a, melËtec
thc epikoinwn–ac, thn oikonom–a, th gewgraf–a, thn istor–a, thn epist†mh
twn plhrofori∏n, organwtikËc melËtec, politikËc epist†mec, koinwnik†
yuqolog–a, melËtec anàptuxhc, kai koinwnioglwssolog–a. [34]

Anapt‘qjhke, arqikà, se mh-teqnik† sqetikà morf† apÏ ta diarjrwtikà
probl†mata tou megàlou anjrwpolÏgou Radcliffe-Brown. ApÏ th deka-
et–a tou 1930 Ëwc th dekaet–a tou 1970, Ënac auxanÏmenoc arijmÏc koinw-
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nik∏n anjrwpolÏgwn kai koinwniolÏgwn àrqisan na qt–zoun thn Ënnoia
thc ‘koinwnik†c dom†c’ basismËnoi sto montËlo tou Radcliffe-Brown. Ar-
gÏtera, katà th dekaet–a tou 1950, mia mikr† omàda eidik∏n àrqisan na
asqolo‘ntai me thn ekpÏnhsh pio ep–shmwn teqnik∏n anàlushc koinwni-
k∏n dikt‘wn kai stic arqËc thc dekaet–ac tou 1970, emfan–sthke mia plh-
j∏ra teqnik∏n ergasi∏n kai eidik∏n efarmog∏n. ApÏ autËc tic teqnikËc
anal‘seic, Ëqoun prok‘yei oi basikËc Ënnoiec thc anàlushc koinwnik∏n
dikt‘wn, kai oi teqnikËc Ëqoun stadiakà enswmatwje– ston basikÏ kormÏ
thc anàlushc dedomËnwn kaj∏c kai se Ëna eur‘tero ped–o efarmog∏n.

Parathre–tai Ëntonh a‘xhsh tou endiafËrontoc gia tic teqnikËc anàlu-
shc koinwnik∏n dikt‘wn idia–tera tic d‘o teleuta–ec dekaet–ec. To auxh-
mËno endiafËron dhmiourg†jhke apÏ thn oloËna kai megal‘terh Ëmfash
sth shmas–a thc ‘dikt‘wshc’ sthn pragmatik† zw† kai en mËrh, apÏ thn
exàplwsh twn istosel–dwn koinwnik†c dikt‘wshc, Ïpwc to Facebook,
Twitter kai Google+. [36]

'Ena trÏpo prosdiorismo‘ twn sqËsewn anàmesa se mia sullog† anti-
keimËnwn, apotelo‘n ta graf†mata. 'Ena gràfhma apotele–tai apÏ Ëna
s‘nolo antikeimËnwn, pou onomàzontai kÏmboi, me orismËna ze‘gh apÏ
antike–mena pou sundËontai me desmo‘c kai onomàzontai akmËc. Ta gra-
f†mata e–nai qr†sima epeid† leitourgo‘n wc majhmatikà montËla twn do-
m∏n tou dikt‘ou. Emfan–zontai se pollo‘c tome–c, Ïpote e–nai qr†simo
na prosomoiwje– to p∏c sundËontai ta diàfora antike–mena metax‘ touc,
e–te fusikà e–te logikà. [30] 'Ena gràfhma mpore– na e–nai mh kateuju-
nÏmeno, pràgma pou shma–nei Ïti den upàrqei diàkrish metax‘ twn d‘o
koruf∏n pou sqet–zontai me kàje akm†, † kateujunÏmeno, dhlad† mia
akm† na kateuj‘netai apÏ mia koruf† sthn àllh.

O basikÏc rÏloc thc jewr–ac grafhmàtwn e–nai h apeikÏnish antikeimËnwn
se tËtoia morf† Ëtsi ∏ste na katanoo‘ntai eukolÏtera. AfenÏc, h jew-
rhtikËc efarmogËc perilambànoun sun†jwc sundËseic me ton pragmatikÏ
kÏsmo kai afetËrou oi orismo– kai oi upologistikËc mËjodoi ekfràzontai
apÏ tupikà majhmatikà. Gia pollo‘c, aut† h allhlep–drash e–nai pou
kànei thn jewr–a grafhmàtwn tÏso endiafËrousa. [35]

Ac strafo‘me t∏ra se orismËnec apÏ tic jemeli∏deic Ënnoiec kai touc
orismo‘c g‘rw apÏ ta graf†mata. 'Ena gràfhma to opo–o e–nai sunekti-
kÏ kai akuklikÏ onomàzetai dËndro. 'Ena mh sunektikÏ gràfhma qwr–c
k‘klouc onomàzetai dàsoc. Oi sunektikËc sunist∏sec enÏc dàsouc e–nai
dËndra. Koruf† dËndrou me bajmÏ Ëna onomàzetai f‘llo. 'Ena idia–tera
shmantikÏ e–doc mh-apl†c diadrom†c e–nai Ënac k‘kloc. 'Enac k‘kloc e-
–nai m–a diadrom† me treic toulàqiston akmËc, sthn opo–a o pr∏toc kai
to teleuta–oc kÏmboc e–nai oi –dioi allà Ïloi oi upÏloipoi kÏmboi e–nai
diaforetiko–.[30]

DojËntoc enÏc graf†matoc, e–nai fusikÏ na anarwthjo‘me an kàje kÏm-
boc mpore– na ftàsei se kàje àllo kÏmbo apÏ Ëna monopàti. Me autÏ
katà nou, mporo‘me na po‘me Ïti Ëna gràfhma e–nai sundedemËno, an gia
kàje ze‘goc kÏmbwn, upàrqei Ëna monopàti metax‘ touc. Gia paràdeig-
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ma, ta perissÏtera apÏ ta d–ktua epikoinwn–ac kai metaforàc prËpei na
e–nai sundedemËna - † toulàqiston filodoxo‘me na e–nai sundedemËna -
dedomËnou Ïti o stÏqoc touc e–nai na peràsoume thn kuklofor–a († plh-
rofor–a) apÏ ton Ëna kÏmbo ston àllo. ApÏ thn àllh pleurà Ïmwc, den
upàrqei lÏgoc na perimËnoume Ïti ta graf†mata se àllec peript∏seic
prËpei na e–nai sundedemËna - gia paràdeigma, se Ëna koinwnikÏ d–ktuo,
ja mporo‘se kàpoioc na fantaste– Ïti mporo‘n na upàrqoun d‘o ànjrw-
poi gia touc opo–ouc den e–nai dunatÏn na kataskeuaste– mia diadrom† apÏ
Ëna kÏmbo se àllo. [30]

Eàn Ëna gràfhma den e–nai sundedemËno, tÏte diaspàtai fusikà se Ëna
s‘nolo sundedemËnwn ‘kommati∏n’. Gia na g–nei aut† h Ënnoia akrib†c,
mporo‘me na po‘me Ïti mia sundedemËnh sunist∏sa enÏc graf†matoc e–nai
Ëna upos‘nolo twn kÏmbwn Ëtsi ∏ste kàje kÏmboc sto upos‘nolo tou
Ëqei mia diadrom† me kàje àllo kai to upos‘nolo den apotele– mËroc
kàpoiou megal‘terou sunÏlou me thn idiÏthta Ïti kàje kÏmboc sundËetai
me kàpoio àllo.[30]

EktÏc apÏ to an d‘o kÏmboi sundËontai me Ëna monopàti, e–nai ep–shc en-
diafËrwn na rwt†soume pÏso makrià br–skete o Ënac kÏmboc apÏ kàpoion
àllo. Stic metaforËc, thlepikoinwn–ec † gia to pwc exapl∏netai mia a-
sjËneia e–nai arketà endiafËrwn na gnwr–zoume, gia kàti pou rËei mËsa
apÏ to d–ktuo, pÏsouc kÏmbouc prËpei na diasq–sei. [30]

Gia na katano†soume thn anàlush koinwnik∏n dikt‘wn, prËpei na katano-
†soume ti e–nai Ëna koinwnikÏ d–ktuo, kai ti e–nai Ënac koinwnikÏc gràfoc.
Me aplà lÏgia, Ëna koinwnikÏ d–ktuo e–nai aplà Ëna d–ktuo ontot†twn
pou sundËontai me kàpoiec sqËseic metax‘ touc. Fusikà, oi ontÏthtec
pou mac endiafËroun e–nai oi ànjrwpoi, kai oi sqËseic pou Ëqoun idia–te-
ro endiafËron, kur–wc fil–ec (Ïpwc sto Facebook, Google+, Twitter),
touc sunadËlfouc (Ïpwc sto LinkedIn), th suggËneia, tic epikoinwn–ec,
kai pollËc àllec koinwnikËc allhlepidràseic. Sto pla–sio thc anàlu-
shc koinwnik∏n dikt‘wn, Ënac koinwnikÏc gràfoc apeikon–zetai aplà wc
Ëna diàgramma pou antiproswpe‘ei to koinwnikÏ d–ktuo. Se Ëna koinw-
nikÏ gràfo, kàje kÏmboc († koruf†) antiproswpe‘ei Ëna prÏswpo, kai
mia akm† metax‘ d‘o kÏmbwn (àtoma) antiproswpe‘ei mia sqËsh metax‘
touc. DedomËnou Ïti upàrqoun pollËc pol‘plokec sqËseic metax‘ twn
anjr∏pwn, upàrqoun ex–sou pollo– diaforetiko– koinwniko– gràfoi pou
antiproswpe‘oun autËc tic sqËseic.

O Ïroc, koinwnikÏ gràfhma, Ëgine dhmofil†c sto sunËdrio tou Facebook
F8 stic 24 maÚou tou 2007, Ïtan qrhsimopoi†jhke gia na exhg†sei p∏c h
neoeisaqje–sa platfÏrma tou Facebook ja ekmetalleuÏtan tic sqËseic
metax‘ twn atÏmwn, Ëtsi ∏ste na prosfËrei mia pio plo‘sia diadiktuak†
empeir–a.[44] ApÏ thn eisagwg† thc Ënnoiac tou koinwniko‘ graf†matoc,
apÏ to Mark Zuckerberg, idrut† tou Facebook, apotele– stÏqo tou
Facebook, na prosfËrei to koinwnikÏ gràfhma se àllec istosel–dec,
Ëtsi ∏ste oi sqËseic enÏc qr†sth na g–nontai gnwstËc kai na tejo‘n
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se qr†sh apÏ istosel–dec ektÏc tou Facebook.[51] S†mera, autÏ mpore–
na epiteuqje– mËsw tou Facebook Open Graph API.

Pollà jËmata Ëqoun prok‘yei Ïson aforà thn upàrqousa efarmog† tou
koinwniko‘ graf†matoc pou an†kei sto Facebook. Gia paràdeigma, ep– tou
parÏntoc, h uphres–a koinwnik†c dikt‘wshc den gnwr–zei tic sqËseic pou
Ëqoun anaptuqje– metax‘ twn atÏmwn se mia diaforetik† uphres–a. AutÏ
dhmiourge– mia diadiktuak† empeir–a pou den e–nai aprÏskopth, lÏgw thc
Ëlleiyhc diajËsimwn grafhmàtwn metax‘ twn uphresi∏n. EpiprÏsjeta,
Ëna àllo prÏblhma e–nai Ïti, oi ufistàmenec uphres–ec kajor–zoun tic
sqËseic metax‘ qrhst∏n me diaforetikÏ trÏpo.

ApÏ to 2010, to koinwnikÏ gràfhma tou Facebook, e–nai to megal‘te-
ro s‘nolo dedomËnwn koinwniko‘ dikt‘ou sto kÏsmo. PeriËqei to mega-
l‘tero arijmÏ kajorismËnwn sqËsewn metax‘ tou megal‘terou pososto-
‘ anjr∏pwn sth gh, diÏti e–nai h pio eurËwc qrhsimopoio‘menh uphres–a
koinwnik†c dikt‘wshc.[22] Pollo– exËfrasan tic anhsuq–ec touc gia to
gegonÏc Ïti, to koinwnikÏ gràfhma tou Facebook e–nai idiokths–a thc
etaire–ac kai den moiràzetai me àllec uphres–ec, d–nontac sto Facebook
thn apÏluth àdeia na qrhsimopoie– autËc tic plhrofor–ec akÏma kai Ïtan
kàpoioc qr†sthc e–nai dusaresthmËnoc me to Facebook kai apofas–sei
na diagràyei to logariasmÏ tou.

H Google Ëqei prospaj†sei na prosfËrei mia l‘sh se autÏ to prÏblhma
me th dhmiourg–a tou Social Graph API, pou kuklofÏrhse ton Ianouàrio
tou 2008.[33] H sugkekrimËnh uphres–a, epitrËpei stouc istoq∏rouc na
antl†soun dhmÏsia diajËsimec plhrofor–ec sqetikà me Ëna àtomo gia na
sqhmat–soun mia tautÏthta, Ëtsi ∏ste na beltiwje– h diadiktuak† empeir–a
tou qr†sth.[23] WstÏso, aut† h prospàjeia den Ëtuqe thc epidokimas–ac
kai thc antapÏkrishc pou h Google ja †jele me apotËlesma na thn apo-
s‘rei to 2012.[24]

Sta majhmatikà, Ëna gràfhma e–nai mia afairetik† Ënnoia gia th montelo-
po–hsh sqËsewn metax‘ ontot†twn. Den e–nai diaforetikÏ apÏ Ëna d–ktuo,
to opo–o apotele– Ëna pio koinÏ Ïro gia thn perigraf† tou –diou pràg-
matoc. 'Opwc apodeikn‘etai, h jewr–a gràfwn e–nai pol‘ isqurÏ ergale–o
gia th montelopo–hsh fusik∏n kai teqnik∏n susthmàtwn. Diaforetikà
pràgmata Ïpwc to diad–ktuo, d–ktua paroq†c hlektrik†c enËrgeiac, oi-
konom–ec kai akÏmh kai ta k‘ttara mporo‘n na ekproswpo‘ntai kai na
anal‘ontai wc d–ktua. [12]

AutÏ pou e–nai ep–shc axioshme–wto, e–nai Ïti pollà mporo‘n na eipwjo-
‘n gia Ëna gràfhma me thn exËtash kai thn exËlixh thc dom†c tou. Gia
paràdeigma, oi epidhmiolÏgoi qrhsimopoio‘n domËc gràfwn gia na pro-
blËyoun thn exàplwsh miac epidhm–ac. To –dio montËlo mpore– na qrh-
simopoihje– gia na katalàboume p∏c mia fwtià exapl∏netai. 'Oso ka-
l‘tera mporo‘me na katano†soume th dom† enÏc gràfou pou apeikon–zei
kàpoio s‘sthma, tÏso perissÏtero mporo‘me na to anal‘soume, na to
problËyoume kai na to elËgxoume. [12]
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H koinwn–a mac gennà Ëna gigàntio koinwnikÏ gràfo. Se autÏ to gràfo,
o kajËnac apÏ emàc e–nai Ënac kÏmboc. Upàrqei mia saf†c s‘ndesh, an
gnwr–zoume o Ënac ton àllon. Gia paràdeigma, d‘o àtoma mporo‘n na
sundËontai epeid† ergàzontai maz– † epeid† †tan sumfoithtËc, e–te epeid†
e–nai pantremËnoi. Kàpoiec àllec epilogËc pou mac parËqei to Facebook
fa–nontai pio kàtw.

Sq†ma 2.2: Facebook

Oi koinwniolÏgoi Ëqoun melet†sei auto‘c touc gràfouc gia dekaet–ec. Ta
koinwnikà d–ktua Ëqoun mia idiÏthta gnwst† wc ‘mikrÏc KÏsmoc’ (Small
World), pou e–nai eur‘tera gnwst† wc ‘Oi 'Exh bajmo– diaqwrismo‘’.
TÏso anep–shma Ïso kai wc episthmonik† parat†rhsh, Ïloi oi ànjrwpoi
sundËontai metax‘ touc, allà Ïqi perissÏtero apÏ Ëxi diadoqikËc sun-
dËseic. AutÏ sumba–nei, diÏti, me autÏ to trÏpo dhmiourgo‘ntai ta an-
jr∏pina d–ktua. Ta anjr∏pina d–ktua jewro‘ntai pol‘ ‘puknà’ kai autÏ
Ëqei wc apotËlesma na sundËontai me suntome‘seic, gia autÏ isq‘ei h
idiÏthta tou ‘mikro‘ KÏsmou’.

Sq†ma 2.3: KanonikÏ d–ktuo, D–ktuo mikrou KÏsmou, Tuqa–o d–ktuo

'Enac aplÏc trÏpoc gia na to parousiàsoume e–nai o ex†c, oi f–loi sac
xËroun o Ënac ton àllon, kai kaj∏c pernà o kairÏc, gnwr–zontai metax‘
touc. An toulàqiston Ëna àtomo apÏ mia omàda sunantà kàpoio àllo
ànjrwpo apÏ Ëna apomakrusmËno mËroc tou kÏsmou, olÏklhrh h omàda
e–nai plËon sundedemËnh me Ëna àllo mËroc tou kÏsmou.
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Ac upojËsoume t∏ra Ïti, o qr†sthc Michael, Ëqei Ëna pol‘ mikrÏ koi-
nwnikÏ d–ktuo pou apotele–tai apÏ mÏno eptà f–louc tou (Ïpwc apeiko-
n–zetai sto pio kàtw sq†ma). Ac upojËsoume Ïti Ëqei mia pol‘ apl† zw†,
kai Ëqei mÏno treic t‘pouc koinwnik∏n sqËsewn sth zw† tou. Touc suna-
dËlfouc sto q∏ro ergas–ac (pou upodeikn‘etai apÏ tic kÏkkinec akmËc),
touc f–louc me touc opo–ouc bga–nei gia potÏ (pou upodeikn‘etai apÏ tic
mple akmËc), kai touc f–louc gia drasthriÏthtec (p.q mpàntminton) (pou
upodeikn‘etai apÏ tic pràsinec akmËc).

Sq†ma 2.4: To upojetikÏ koinwnikÏ d–ktuo tou qr†sth Michael

Sq†ma 2.5: Oi diaforetiko– koinwniko– gràfoi tou qr†sth Michael

An upojetikà kai oi eptà f–loi tou e–nai Ïloi sto Facebook, tÏte o
gràfoc, ja moiàzei me to pio pànw sq†ma. Sthn per–ptwsh aut†, oi ma‘rec
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akmËc antiproswpe‘oun th fil–a, † aplà anjr∏pouc pou gnwr–zoun o
Ënac ton àllon. Eàn jËloume na apeikon†soume touc sunadËlfouc auto‘
tou qr†sth, o gràfoc ja moiàzei Ïpwc to gràfo pou apeikon–zetai sth
pio pànw eikÏna me kÏkkinec akmËc. Ant–stoiqa, kai gia tic upÏloipec
kathgor–ec f–lwn tou qr†sth.

Parathr†ste Ïti Ëqoume kataskeuàsei tËsseric diaforetiko‘c koinwni-
ko‘c gràfouc apÏ Ëna enia–o koinwnikÏ d–ktuo twn –diwn okt∏ atÏmwn.
Prosdior–zontac poiec sqËseic antiproswpe‘oun tic akmËc, Ëqoume Ëna
pol‘ diaforetikÏ gràfo me entel∏c diaforetikà qarakthristikà. Gia pa-
ràdeigma, Ïtan oi akmËc antiproswpe‘oun diaskËdash dhlad† Ïlec oi ka-
thgor–ec f–lwn ektÏc apÏ touc sunadËlfouc, tÏte mporo‘me na kataskeu-
àsoume Ëna akÏma koinwnikÏ gràfo, pou ja moiàzei me mia epikàluyh twn
àllwn d‘o gràfwn. DedomËnou Ïti upàrqoun pollËc pol‘plokec sqËseic
metax‘ twn anjr∏pwn, pollo– diaforetiko– koinwniko– gràfoi mporo‘n
na kataskeuasto‘n.

'Etsi, to pio shmantikÏ jËma Ïtan anal‘oume Ëna koinwnikÏ gràfhma
e–nai na màjoume ti sqËseic antiproswpe‘ontai apÏ tic akmËc. AutÏ e–nai
akÏmh pio shmantikÏ apÏ to ti antiproswpe‘oun oi korufËc, epeid† gia
thn anàlush koinwnik∏n dikt‘wn, oi ontÏthtec pou ekproswpo‘ntai apÏ
tic korufËc ja e–nai sun†jwc àtoma.

Gia paràdeigma, Ëna sqetikà aplÏ qarakthristikÏ twn koinwnik∏n gràfwn
e–nai h kentrikÏthta kÏmbou, h opo–a de–qnei pÏsec sundËseic Ëqei mia ko-
ruf†. Sto paràdeigma upàrqoun eptà ma‘rec akmËc sto gràfhma fil–ac
pou sundËontai me to kÏmbo ‘Michael’, àra katalaba–noume Ïti Ëqei eptà
f–louc.

H ermhne–a twn qarakthristik∏n tou gràfou, exartàtai ep–shc apÏ th
sqËseic twn akm∏n. Sunep∏c, den mporo‘me na apofanjo‘me gia to pÏsouc
sunadËlfouc Ëqei o sugkekrimËnoc qr†sthc basizÏmenoi sto gràfo fi-
l–ac, epeid† h sqËsh tou sunadËlfou den ekproswpe–tai sto gràfo fil–ac.
Wc ek to‘tou, den mporo‘me na kànoume opoiad†pote sumperàsmata gia
kàpoia sqËsh † allhlep–drash gia thn opo–a den Ëqoume gràfo pou oi
akmËc ekproswpo‘n aut† th sqËsh † allhlep–drash. [11]

2.4 Qarakthristikà gràfwn pou sqet–zontai me koinwnikà d–ktua

Ta d–ktua Ëqoun orismËna qarakthristikà pou mpore– na qrhsimopoihjo‘n
gia na anal‘soume tic idiÏthtec enÏc dikt‘ou kai na exàgoume katàllhla
sumperàsmata. AutËc oi idiÏthtec tou dikt‘ou suqnà or–zoun diaforeti-
kà montËla kai mpore– na qrhsimopoihjo‘n gia th s‘gkrish diaforetik∏n
montËlwn dikt‘wn. Merikà apÏ ta qarakthristikà e–nai h puknÏthta, to
mËgejoc, bajmÏc, mËgejoc monopatio‘, diàmetroc, suntelest†c omadopo-
–hshc, sunektikÏthta, kai kentrikÏthta tou dikt‘ou († gràfou)[3]

'Ena d–ktuo († gràfhma) e–nai Ëna (peperasmËno) s‘nolo kÏmbwn (shme-
–wn † koruf∏n) kai klàdwn (pleur∏n † akm∏n) G = V,A, Ïpou V e–nai to
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s‘nolo twn kÏmbwn kai A to s‘nolo twn klàdwn. O klàdoc pou sundËei
touc kÏmbouc i kai j sumbol–zetai aplà (i,j). An kàje klàdoc Ëqei m–a
sugkekrimËnh die‘junsh, tÏte to d–ktuo onomàzetai kateujunÏmeno (di-
rected,oriented), se ant–jeth per–ptwsh onomàzetai mh kateujunÏmeno
(undirected). An kàpoioi klàdoi Ëqoun die‘junsh kai kàpoioi Ïqi, tÏte
to d–ktuo onomàzetai meiktÏ (mixed). 'Enac klàdoc me die‘junsh (i,j) o-
dhge– apÏ ton kÏmbo i ston kÏmbo j. D‘o kÏmboi pou sundËontai me Ëna
klàdo kaj∏c kai d‘o klàdoi pou sundËontai me Ënan kÏmbo onomàzontai
geitoniko–. O bajmÏc enÏc kÏmbou se Ëna mh prosanatolismËno d–ktuo e-
–nai o arijmÏc twn klàdwn, twn opo–wn m–a koruf†, e–nai autÏc o kÏmboc.
Se Ëna prosanatolismËno d–ktuo, or–zetai ant–stoiqa o bajmÏc gia ton
arijmÏ twn klàdwn pou katal†goun se autÏ ton kÏmbo kai o bajmÏc gia
ton arijmÏ twn klàdwn pou apomakr‘nontai apÏ autÏ ton kÏmbo.

'Ena monopàti († alus–da) se Ëna mh prosanatolismËno d–ktuo e–nai m–a
allhlouq–a geitonik∏n klàdwn kai kÏmbwn. Se Ëna prosanatolismËno
d–ktuo, ta monopàtia Ëqoun kai autà die‘junsh. 'Ena monopàti mpore– na
parastaje– san m–a allhlouq–a geitonik∏n kÏmbwn (p.q. S = a, b, c, . .,
i, j, k) † geitonik∏n klàdwn (p.q. S = (a, b), (b, c), . . ., (i, a), (j, k)].
'Ena monopàti e–nai aplÏ an kàje klàdoc emfan–zetai to pol‘ m–a forà
sthn allhlouq–a kai basikÏ an kàje kÏmboc emfan–zetai to pol‘ m–a forà
sthn allhlouq–a. K‘kloc († k‘klwma) e–nai Ëna monopàti tou opo–ou o
arqikÏc kai o telikÏc kÏmboc sump–ptoun.

H puknÏthta dikt‘ou perigràfei to mËroc twn pijan∏n sundËsewn se
Ëna d–ktuo pou e–nai pragmatikËc sundËseic. Mia pijan† s‘ndesh e–nai
mia s‘ndesh pou ja mporo‘se endeqomËnwc na upàrqei metax‘ twn d‘o
kÏmbwn, anexàrthta apÏ to an upàrqei † Ïqi sthn pragmatikÏthta. O
t‘poc gia ton upologismÏ thc puknÏthtac e–nai o ex†c:

PC =
n(n� 1)

2

'Opou to PC e–nai oi pijanËc sundËseic kai to n e–nai o arijmÏc twn kÏmbwn
sto d–ktuo. [2]

To mËgejoc tou dikt‘ou anafËretai ston arijmÏ twn kÏmbwn N , † se
kàpoiec peript∏seic anafËretai wc o arijmÏc twn akm∏n E pou mpore–
na kuma–nontai apÏ N-1 (dËntro) mËqri E , dhlad† pl†rhc gràfoc. [3]
O mËsoc bajmÏc enÏc graf†matoc G mac de–qnei pÏsec akmËc e–nai sto
s‘nolo E se s‘gkrish me ton arijmÏ twn koruf∏n tou sunÏlou V.[4]
To mËso m†koc diadrom†c upolog–zetai me thn e‘resh thc suntomÏterhc
diadrom†c metax‘ Ïlwn twn zeug∏n twn kÏmbwn, prosjËtontac touc, kai
sth sunËqeia diair∏ntac me to sunolikÏ arijmÏ twn zeug∏n. AutÏ mac
de–qnei, katà mËso Ïro, ton arijmÏ twn bhmàtwn pou qreiàzetai gia na
pàme apÏ Ëna kÏmbo tou dikt‘ou se àllo. Wc Ëna àllo mËso mËtrhshc twn
diagrammàtwn dikt‘ou, mporo‘me na or–soume th diàmetro enÏc dikt‘ou
wc th megal‘terh apÏstash Ïlwn twn upologizÏmenwn suntomÏterwn
drÏmwn se Ëna d–ktuo. E–nai h suntomÏterh apÏstash metax‘ twn d‘o pio
apomakrusmËnwn kÏmbwn sto d–ktuo. Me àlla lÏgia, mÏlic upologiste–
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to suntomÏtero m†koc diadrom†c apÏ kàje kÏmbo se Ïlouc touc àllouc,
h diàmetroc e–nai h megal‘terh apÏ Ïla ta m†kh diadrom†c pou Ëqoun upo-
logiste–. H diàmetroc antiproswpe‘ei to grammikÏ mËgejoc enÏc dikt‘ou.
[3][5]

Sth jewr–a grafhmàtwn, o suntelest†c omadopo–hshc apotele– to bajmÏ
ston opo–o oi kÏmboi se Ëna gràfhma te–noun na sugkentr∏nontai maz–.
Ta stoiqe–a de–qnoun Ïti sta perissÏtera d–ktua sto pragmatikÏ kÏsmo,
kai eidikÏtera sta koinwnikà d–ktua, oi kÏmboi te–noun na omadopoio‘ntai
se megàlo bajmÏ. H omadopo–hsh e–nai mia shmantik† idiÏthta twn koi-
nwnik∏n dikt‘wn. Oi ànjrwpoi te–noun na Ëqoun f–louc pou e–nai ep–shc
f–loi metax‘ touc, katal†gontac se s‘nola anjr∏pwn, metax‘ twn opo-
–wn upàrqoun pollËc akmËc. Ant–jeta, Ëna s‘nolo ftiagmËno apÏ tuqa–a
epilegmËna àtoma ja Ëqoun pol‘ mikrÏtero arijmÏ akm∏n metax‘ touc,
dhlad† autà ta àtoma den ja gnwr–zontai. Gia th mËtrhsh thc omadopo–h-
shc se Ëna koinwnikÏ († àllou t‘pou) dikt‘ou, Ëna koinÏ mËtro s‘gkrishc
e–nai o suntelest†c omadopo–hshc.

O suntelest†c omadopo–hshc e–nai Ënac pragmatikÏc arijmÏc metax‘ mh-
dËn kai Ëna.MhdËn e–nai Ïtan den upàrqei omadopo–hsh kai Ëna Ïtan Ëqou-
me mËgisth omadopo–hsh. En∏ h omadopo–hsh se Ëna d–ktuo mpore– na me-
trhje– me diàforouc trÏpouc, Ënac koinÏc trÏpoc e–nai na elËgxoume gia
tr–gwna, dhlad† na elËgxoume Ïti Ïtan d‘o akmËc moiràzontai Ëna kÏmbo,
tÏte se Ëna d–ktuo me uyhlÏ bajmÏ omadopo–hshc, e–nai pijanÏ Ïti Ëna
tr–to àkro upàrqei tËtoio ∏ste oi treic akmËc na sqhmat–zoun tr–gwno.
An kai o suntelest†c omadopo–hshc qrhsimopoie–tai suqnà, sthn prag-
matikÏthta upàrqoun d‘o parallagËc tou, pou mpore– na Ëqoun entel∏c
diaforetikËc timËc kai sunep∏c diaforetikà sumperàsmata.

H pr∏th parallag† e–nai h ex†c. 'Estw Ïti jËtoume to suntelest† omado-
po–hshc C1 wc th pijanÏthta Ïti d‘o prosp–ptousec akmËc sumplhr∏no-
ntai apÏ mia tr–th Ëtsi ∏ste na sqhmat–zoun Ëna tr–gwno. D‘o akmËc
jewro‘ntai prosp–ptousec Ïtan sundËontai sthn –dia koruf†. Se aut†
thn per–ptwsh, mporo‘me na elËgxoume eàn mia tr–th akm† upàrqei tËtoia
∏ste oi treic akmËc na sqhmat–zoun Ëna tr–gwno. H pijanÏthta na upàr-
qei mia tr–th akm† kai na sqhmat–zetai tr–gwno iso‘tai me to suntelest†
omadopo–hshc.

O kajolikÏc suntelest†c omadopo–hshc or–zetai wc:

C =
3⇥ ar. trig∏nwn

ar. sundedemËnwn triàdwn twn koruf∏n

Ston pio pànw t‘po, mia sundedemËnh triàda or–zetai wc Ëna sundedemËno
upogràfhma pou apotele–tai apÏ tre–c korufËc kai d‘o akmËc. 'Etsi, kàje
tr–gwno sqhmat–zei treic sundedemËnec triàdec, gia autÏ prok‘ptei o pa-
ràgontac tr–a ston t‘po.

H de‘terh parallag† e–nai h ex†c. Pr∏ta, ja or–soume to suntelest†
omadopo–hshc C(u) gia kàje kÏmbo u me to akÏloujo trÏpo. 'Estw C(u)
e–nai to posostÏ twn geitÏnwn tou u pou e–nai sundedemËnoi me autÏn
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kai metax‘ touc. Me àlla lÏgia, C(u) e–nai h pijanÏthta Ïti d‘o f–loi
tou u e–nai f–loi metax‘ touc se Ëna koinwnikÏ d–ktuo. O topikÏc su-
ntelest†c omadopo–hshc kajor–zete wc o mËsoc Ïroc Ïlwn twn topik∏n
suntelest∏n omadopo–hshc sto d–ktuo.

O topikÏc suntelest†c omadopo–hshc or–zetai gia kateujunÏmenouc gràfouc
wc:

Ci =
|{ejk : vj, vk 2 Ni, ejk 2 E}|

ki(ki � 1)

O topikÏc suntelest†c omadopo–hshc or–zetai gia mh kateujunÏmenouc
gràfouc wc:

Ci =
2|{ejk : vj, vk 2 Ni, ejk 2 E}|

ki(ki � 1)

O topikÏc suntelest†c omadopo–hshc miac koruf†c (kÏmboc) se Ëna
gràfhma, posotikopoie– to pÏso kontà e–nai oi ge–tonËc tou Ëtsi ∏ste
na apotelo‘n Ëna pl†rec gràfhma. O Duncan J. Watts kai o Steven Stro-
gatz eis†gagan to mËtro to 1998 gia na kajoriste– eàn Ëna gràfhma e–nai
Ëna ‘mikrÏ pagkÏsmio d–ktuo’.

TËloc o sunolikÏc mËsoc bajmÏc omadopo–hshc se Ëna d–ktuo e–nai :

C =
1
n

n

Â
i=1

Ci

Ïpou n e–nai o arijmÏc twn kÏmbwn sto d–ktuo.

Kai ta d‘o mËtra C1 kai C2 upolog–zoun thn omadopo–hsh se Ëna d–ktuo
kai wc ek to‘tou ja Ëprepe na susqet–zontai metax‘ touc. 'Opwc, para-
thro‘me Ïmwc sto epÏmeno diàgramma kàti tËtoio den isq‘. 'Opote, ja
prËpei na e–maste idia–tera prosektiko– gia to pia apÏ tic d‘o mejÏdouc
ja qrhsimopoi†soume.
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Sq†ma 2.6: KajolikÏc kai TopikÏc bajmÏc omadopo–hshc

Ston àxona Q parousiàzoume ton kajolikÏ suntelest† omadopo–hshc kai
ston àxona U to topikÏ suntelest† omadopo–hshc. Saf∏c, den mporo-
‘me na po‘me Ïti oi parallagËc susqet–zontai me opoiond†pote trÏpo.
Gia na do‘me giat– oi d‘o suntelestËc omadopo–hshc den susqet–zontai,
ja prËpei na skefto‘me ton trÏpo pou upolog–zontai. Sthn kajolikÏ su-
ntelest† omadopo–hshc, kàje ze‘goc akm∏n pou prosp–ptoun Ëqoun to
–dio bàroc, en∏ sto topikÏ suntelest† omadopo–hshc kàje kÏmboc Ëqei
to –dio bàroc. AutÏ shma–nei Ïti oi kÏmboi me uyhlÏ bajmÏ Ëqoun mega-
l‘tero suntelest† omadopo–hshc gia th pr∏th per–ptwsh, en∏ mikrÏtero
sth de‘terh. H susqËtish twn d‘o mËtrwn mac bohjà na katalàboume Ïti
oi kÏmboi me uyhlÏ kai qamhlÏ bajmÏ se genikËc grammËc den Ëqoun ton
–dio kajolikÏ kai topikÏ suntelest† omadopo–hshc.
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Sq†ma 2.7: BajmÏc susqËtishc gia Ëna d–ktuo apÏ bibliografikËc dhmosie‘seic

H pio pànw grafik† paràstash apeikon–zei to bajmÏ susqËtishc gia Ëna
d–ktuo apÏ bibliografikËc dhmosie‘seic pou sundËontai me kàpoia para-
pomp†. Dhlad†, mia s‘ndesh apÏ to u sto v shma–nei Ïti h dhmos–eush u
parËjese th dhmos–eush v. To d–ktuo Ëqei lhfje– wc mh kateujunÏmeno,
dhlad†, agnoo‘me apÏ pou parat–jentai kai se poion. Kàje mple kou-
k–da sth grafik† paràstash e–nai m–a koruf† tou dikt‘ou. Ston àxona
Q Ëqoume to bajmÏ thc kàje koruf†c kai ston àxona U Ëqoume to topi-
kÏ suntelest† omadopo–hshc, kai stouc d‘o àxonec Ëqoume logarijmikËc
timËc. H kÏkkinh gramm† de–qnei to mËso topikÏ suntelest† omadopo–h-
shc se Ïlouc touc kÏmbouc tou –diou bajmo‘. AutÏ pou blËpoume ed∏
e–nai xekàjaro, oi kÏmboi me qamhlÏ bajmÏ Ëqoun uyhlÏ suntelest† o-
madopo–hshc. Me àlla lÏgia, an Ëna àtomo Ëqei pollo‘c f–louc, auto– oi
f–loi Ëqoun ligÏterec akmËc metax‘ touc, pràgma pou e–nai anamenÏmeno
dedomËnou Ïti Ëna àtomo me pollo‘c f–louc e–nai pijanÏ na Ëqei f–louc
apÏ perissÏterec diaforetikËc koinwnikËc omàdec. [14]

M–a pol‘ shmantik† Ënnoia e–nai h sunektikÏthta tou dikt‘ou. 'Enac kÏm-
boc i sundËetai me ton kÏmbo j an upàrqei monopàti pou na odhge– apÏ to
shme–o i sto shme–o j. 'Ena mh prosanatolismËno d–ktuo e–nai sunektikÏ an
upàrqei monopàti gia kàje ze‘goc kÏmbwn tou dikt‘ou.[15] 'Ena prosana-
tolismËno d–ktuo e–nai sunektikÏ an to ant–stoiqo mh prosanatolismËno
d–ktuo e–nai sunektikÏ. ProsËxte Ïti autÏ shma–nei Ïti se Ëna sunektikÏ
prosanatolismËno d–ktuo mpore– na mhn upàrqei monopàti pou na odhge–
apÏ kàpoio kÏmbo i se kàpoio kÏmbo j. 'Otan upàrqei monopàti pou na
odhge– apÏ kàje kÏmbo i se kàje àllo kÏmbo j se Ëna prosanatolismËno
d–ktuo, tÏte autÏ onomàzetai isqurà sunektikÏ.
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'Ena upod–ktuoG’ = (V’,A’) enÏc dikt‘ouG = (V,A) e–nai Ëna d–ktuo tËtoio
∏ste V’ ⇢ Vkai A’ ⇢ A. To s‘nolo A’ mpore– na periËqei mÏno klàdouc
metax‘ shme–wn tou V’. 'Ena dËntro e–nai Ëna sunektikÏ gràfhma qwr–c
k‘klouc. 'Etsi, Ëna dËntro se Ëna d–ktuo me n kÏmbouc periËqei akrib∏c
n � 1 klàdouc. Ep–shc, kàje ze‘goc kÏmbwn enÏc dËntrou sundËontai
mËsw enÏc monadiko‘ monopatio‘. 'Ena dËntro kàluyhc (spanning tree)
enÏc dikt‘ou G e–nai Ëna dËntro pou periËqei Ïlouc touc kÏmbouc tou
G. Se Ëna prÏblhma dikt‘ou or–zontai kàpoia qarakthristikà gia kàje
kÏmbo kai klàdo. Sun†jwc upàrqei kàpoio mËgejoc gia kàje klàdo tou
dikt‘ou to opo–o mpore– na paristànei apÏstash, qrÏno, qwrhtikÏthta,
ro† ktl. To m†koc enÏc monopatio‘ metax‘ d‘o shme–wn tou G iso‘tai
profan∏c me to àjroisma twn apostàsewn Ïlwn twn klàdwn sto sugke-
krimËno monopàti. O sumbolismÏc d(i, j) qrhsimopoie–tai sun†jwc gia na
upodhl∏sei thn elàqisth apÏstash metax‘ twn kÏmbwn i kai j.

TËloc, to teleuta–o qarakthristikÏ pou ja do‘me e–nai h kentrikÏthta.
H kentrikÏthta, prospaje– na taxinom†sei touc kÏmbouc enÏc dikt‘ou a-
nàloga me to pÏso shmantiko– jewro‘ntai. Upàrqoun pollà e–dh kentri-
kÏthtac, gia paràdeigma Ënac kÏmboc –swc na jewre–tai shmantikÏc eàn
en∏nei pollo‘c àllouc kÏmbouc, dhlad† an o bajmÏc tou e–nai megàloc.
AntijËtwc, mporo‘me na jewr†soume kàpoio kÏmbo Ïti e–nai shmantikÏc
eàn en∏nei pollo‘c àllouc shmantiko‘c kÏmbouc. [32]

H kentrikÏthta apotele– apara–thto mËtro s‘gkrishc, Ïtan h anàlush
tou dikt‘ou ja prËpei na apant†sei se erwt†mata Ïpwc, poioi kÏmboi tou
dikt‘ou ja prËpei na Ëqoun wc stÏqo na diasfal–soun Ïti Ëna m†numa
† plhrofor–a exapl∏netai se Ïlouc touc kÏmbouc tou dikt‘ou. 'Eqoun
kajierwje– kàpoia sugkekrimËna qarakthristikà Ëtsi ∏ste na upàrqei
mia enia–a bàsh tou ti jewro‘me shmantikÏ kÏmbo. [16]

Pio kàtw parousiàzontai ta Ëxi e–dh kentrikÏthtac gia to –dio d–ktuo
(gràfhma):

Sq†ma 2.8: A)Betweenness centrality B)Closeness centrality G)Eigenvector
centrality
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Sq†ma 2.9: D)Degree centrality E)Harmonic centrality Z)Katz centrality



MËroc III

MHQANIKH MAJHSH





3
MH EPIBLEPOMENH MAJHSH TWN PARAMETRWN
TOU MONTELOU

H mhqanik† màjhsh (machine learning) e–nai mia perioq† thc teqnht†c
nohmos‘nhc h opo–a aforà algor–jmouc kai mejÏdouc pou epitrËpoun
stouc upologistËc na ‘maja–noun’. Me th mhqanik† màjhsh kaj–statai
efikt† h kataskeu† prosarmÏsimwn (adaptable) programmàtwn upolo-
gist∏n, ta opo–a leitourgo‘n me bàsh thn automatopoihmËnh anàlush
sunÏlwn dedomËnwn kai Ïqi th dia–sjhsh twn mhqanik∏n pou ta pro-
grammàtisan. H mhqanik† màjhsh efarmÏzetai se mia seirà mhqanogra-
fik∏n ergasi∏n Ïpou h qr†sh algor–jmwn, tÏso katà to sqediasmÏ Ïso
kai katà ton programmatismÏ touc e–nai apara–thth. Parade–gmata efar-
mog∏n apotelo‘n to spam filtering, h optik† anagn∏rish qarakt†rwn,
oi mhqanËc anaz†thshc kai h upologistik† Ïrash. H mhqanik† màjhsh
epikal‘ptetai shmantikà me th statistik†, afo‘ kai ta d‘o ped–a mele-
to‘n thn anàlush dedomËnwn, Ïpwc ep–shc kai me th exÏruxh dedomËnwn
(data mining), wstÏso h de‘terh estiàzei perissÏtero sth diereunhti-
k† anàlush dedomËnwn. H mhqanik† màjhsh kai h anagn∏rish prot‘pwn,
mporo‘n na jewrhjo‘n wc ‘oi duo Ïyeic tou –diou tomËa’.[17]

H mhqanik† màjhsh apotele– Ënan apÏ touc palaiÏterouc kai shmanti-
kÏterouc tome–c Ëreunac thc Teqnht†c Nohmos‘nhc. StÏqoc thc e–nai h
dhmiourg–a susthmàtwn pou na e–nai se jËsh na didàskontai apÏ prohgo-
‘mena empeirikà dedomËna, ∏ste na ektelo‘n thn ergas–a gia thn opo–a
proor–zontai apotelesmatikÏtera. H diadikas–a ekmàjhshc apotele–tai
apÏ thn apÏkthsh empeirik∏n dedomËnwn apÏ thn allhlep–drash me to
peribàllon, epexergas–a twn dedomËnwn, o‘twc ∏ste na brejo‘n pija-
nËc genike‘seic † exeidike‘seic kai tËloc qrhsimopo–hsh twn apotele-
smàtwn thc epexergas–ac kai l†yh anatrofodÏthshc apÏ to peribàllon,
Ëtsi ∏ste na beltiwje– peraitËrw to s‘sthma. [41]

'Eqoun anaptuqje– pollËc teqnikËc mhqanik†c màjhshc (taxinÏmhshc, pa-
lindrÏmhshc, omadopo–hshc, kanÏnwn susqËtishc, diaforik∏n exis∏se-
wn) oi opo–ec qrhsimopoio‘ntai anàloga me th f‘sh tou probl†matoc kai
emp–ptoun se Ëna apÏ ta parakàtw duo e–dh:

1. Màjhsh qwr–c ep–bleyh (unsupervised learning) † màjhsh apÏ
parat†rhsh.

2. EpiblepÏmenh màjhsh (supervised learning) † màjhsh me parade-
–gmata.

Sth epiblepÏmenh màjhsh to s‘sthma kale–tai na ‘màjei’ epagwgikà mËsw
enÏc sunÏlou dedomËnwn x, y mia sunàrthsh ƒ, h opo–a apotele– thn pe-
rigraf† enÏc montËlou. Upàrqei pànta kàpoioc ‘epiblËpwn’ o opo–oc pa-
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rËqei th swst† tim† exÏdou y thc sunàrthshc gia ta dedomËna pou exe-
tàzontai. Ant–jeta, sth màjhsh qwr–c ep–bleyh to s‘sthma dhmiourge–
prÏtupa anakal‘ptontac susqet–seic † omàdec se Ëna s‘nolo dedomËnwn
gia ta opo–a h tim† exÏdou y thc sunàrthshc den e–nai gnwst†. To apo-
tËlesma e–nai Ëna s‘nolo prot‘pwn - perigraf∏n, kàje Ëna apÏ ta opo–a
perigràfei Ëna mËroc twn dedomËnwn. [26]

3.1 EpiblepÏmenh mhqanik† màjhsh

M–a kathgor–a mhqanik†c màjhshc e–nai h epiblepÏmenh màjhsh. Sthn
epiblepÏmenh màjhsh upojËtoume thn parous–a enÏc daskàlou katà th
diàrkeia thc diadikas–ac ekpa–deushc. Kàje de–gma pou qrhsimopoie–tai
gia thn ekpa–deush tou sust†matoc (de–gma ekpa–deushc - training pat-
tern) apotele–tai apÏ Ëna de–gma eisÏdou (input pattern) kai Ëna de–gma
epijumht†c exÏdou. Katà th diàrkeia thc ekpa–deushc g–netai s‘gkrish
metax‘ thc exÏdou pou upolog–zei to s‘sthma (d–nontac tou san e–sodo
to de–gma eisÏdou) kai thc epijumht†c exÏdou (Ïpwc aut† kajor–zetai
apÏ to de–gma epijumht†c exÏdou) prokeimËnou na kajoriste– to làjoc.
To làjoc sth sunËqeia qrhsimopoie–tai gia na metablhjo‘n oi ele‘jerec
paràmetroi tou sust†matoc (dhlad† ta bàrh kai ta kat∏flia) Ëtsi ∏ste
na beltiwje– h apÏdos† tou.

'Ena s‘sthma pou qrhsimopoie– epiblepÏmenh màjhsh arqikà ekpaide‘e-
tai se Ëna s‘nolo paradeigmàtwn ekpa–deushc ta opo–a sunode‘ontai kai
apÏ tic kathgor–ec stic opo–ec an†koun. Gia paràdeigma Ëna s‘sthma
paragwg†c iatrik∏n diagn∏sewn ja e–qe wc parade–gmata ekpa–deushc
iatrikËc exetàseic sunodeuÏmenec apÏ tic orjËc diagn∏seic. ApÏ thn ek-
pa–deush prok‘ptei Ëna montËlo twn kathgori∏n, to opo–o sth sunËqeia
qrhsimopoie–tai gia na katatàxei nËec peript∏seic twn opo–wn den e–nai
gnwst† h kathgor–a. Upàrqoun pollo– gnwsto– algÏrijmoi epiblepÏme-
nhc mhqanik†c màjhshc, Ïpwc o algÏrijmoc twn k kontinÏterwn geitÏnwn
(k�NearestNeighbours, k�NN), o Naı̈veBayes, oID3 k.t.l. ([Mi97]).

Sq†ma 3.1: EpiblepÏmenh màjhsh (Supervised Learning)

Oi mËjodoi pou efarmÏzoun epiblepÏmenh màjhsh sun†jwc qrhsimopoio-
‘ntai gia taxinÏmhsh. Gia na or–soume to prÏblhma thc taxinÏmhshc ac
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upojËsoume Ïti Ëqoume Ëna antike–meno, to opo–o Ëqei perigraf† me di-
àfora qarakthristikà (gnwr–smata, idiÏthtec). Kàje tËtoio antike–meno
mpore– na anateje– se m–a akrib∏c kathgor–a apÏ Ëna peperasmËno s‘nolo
pijan∏n kathgori∏n. Ta qarakthristikà e–nai anexàrthtec parathro‘me-
nec metablhtËc, suneqe–c † diakritËc. H kathgor–a e–nai mia exarthmËnh
diakrit† metablht† kai h tim† thc kajor–zetai apÏ tic timËc twn ant–stoi-
qwn anexàrthtwn metablht∏n.

Oi mËjodoi mhqanik†c màjhshc qrhsimopoio‘ntai metax‘ àllwn kai gia
thn kataskeu† twn taxinomht∏n. StÏqoc twn taxinomht∏n e–nai na kajo-
r–zoun se poia kathgor–a prËpei na anateje– kàje antike–meno.

Sto paràdeigma pou anafËrame prohgoumËnwc, kàje asjen†c perigràfe-
tai me suneq† qarakthristikà (p.q. hlik–a, ‘yoc, jermokras–a s∏matoc,
kardiak† suqnÏthta, p–esh) kai me diakrità qarakthristikà (p.q. f‘lo,
jËsh tou pÏnou). StÏqoc tou taxinomht† e–nai na paràgei mia diàgnw-
sh (p.q. ugi†c, gr–ph, pneumon–a). Gia na kajor–sei thn kathgor–a, Ënac
taxinomht†c qreiàzetai na perigràyei mia diakrit† sunàrthsh, dhl. Mia
antisto–qish apÏ ton q∏ro twn qarakthristik∏n ston q∏ro twn kath-
gori∏n.

Aut† h sunàrthsh mpore– na d–netai ek twn protËrwn † mpore– na pro-
k‘yei apÏ ta parade–gmata ekpa–deushc, ta opo–a perigràfoun palaiÏtera
lumËna probl†mata. Gia paràdeigma, ac jewr†soume thn per–ptwsh thc i-
atrik†c diàgnwshc. PalaiÏtera lumËna probl†mata apotelo‘n oi iatrikËc
eggrafËc, oi opo–ec perilambànoun tic diagn∏seic gia Ïlouc touc asje-
ne–c oi opo–oi noshle‘thkan se Ëna nosokome–o. StÏqoc tou algÏrijmou
mhqanik†c màjhshc e–nai na kajor–sei thn antisto–qish maja–nontac apÏ
to s‘nolo twn asjen∏n me gnwstËc diagn∏seic. Aut† h antisto–qish
mpore– na qrhsimopoihje– sth sunËqeia gia th diàgnwsh nËwn asjen∏n.

Stic mejÏdouc epiblepÏmenhc mhqanik†c màjhshc († màjhsh apÏ parade-
–gmata) oi algÏrijmoi leitourgo‘n wc ex†c. DedomËnou enÏc sunÏlou N
to opo–o apotele–tai apÏ ta parade–gmata ekpa–deushc {(x1, y2), ..., (xnyn)}
Ëtsi ∏ste to xi e–nai to qarakthristikÏ diànusma tou i-osto‘ parade–gma-
toc kai to yi e–nai etikËta, dhlad†, kathgor–a Ënac algÏrijmoc màjhshc
anazhtà mia sunàrthsh g : X ! Y Ïpou to Q apotele– to s‘nolo ei-
sÏdwn kai to U to s‘nolo exÏdwn. H sunàrthsh g e–nai Ëna stoiqe–o tou
sunÏlou twn pijan∏n sunart†sewn G, pou sun†jwc onomàzetai s‘nolo
upojËsewn. E–nai merikËc forËc bolikÏ na antiproswpe‘oume to g qrh-
simopoi∏ntac mia sunàrthsh bajmolÏghshc f : X ⇥ Y ! < Ëtsi ∏ste
h sunàrthsh g na or–zetai wc h sunàrthsh pou epistrËfei thn tim† tou
Y pou d–nei thn uyhlÏterh bajmolog–a: g(x) = argmax

y
f (x, y). Estw F

qarakthr–zei to s‘nolo twn sunart†sewn bajmolÏghshc.[18]

An G kai F mpore– na e–nai s‘nola sunart†sewn, pollo– algÏrijmoi màjh-
shc apotelo‘n pijanotikà montËla Ïpou h g pa–rnei th morf† enÏc desmeu-
mËnou montËlou pijanot†twn g(x) : P(y|x) (dhlad† h pijanÏthta tou y
dedomËnou tou x, †, h f pa–rnei th morf† enÏc montËlou thc apÏ koino‘
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sunàrthshc puknÏthtac pijanÏthtac f (x, y) = P(x, y). Gia paràdeigma,
o Naive Bayes kai h linear discriminant analysis e–nai montËla thc apÏ
koino‘ sunàrthshc puknÏthtac pijanÏthtac, en∏ o algÏrijmoc logistic
regression e–nai Ëna montËlo desmeumËnhc pijanÏthtac.

3.2 Mh-EpiblepÏmenh mhqanik† màjhsh

Sthn mh-epiblepÏmenh màjhsh den upàrqei kàpoioc dàskaloc gia na e-
fodiàsei to s‘sthma me th swst† apànthsh, dhlad† ta de–gmata ekpa-
–deushc apotelo‘ntai mÏno apÏ ta de–gmata eisÏdou kai den periËqoun
de–gmata epijumht†c exÏdou. Sthn per–ptwsh aut†, loipÏn, to s‘sthma
prËpei na màjei anakal‘ptontac kai prosarmÏzontac ton eautÏ tou se
kàpoia domikà qarakthristikà twn dianusmàtwn eisÏdou, autÏ g–netai a-
nakal‘ptontac kàpoiec statistikËc kanonikÏthtec kai omadopoi†seic twn
deigmàtwn eisÏdou. 'Ena tËtoio e–doc màjhshc epitugqànetai me thn e-
n–sqush epilegmËnwn bar∏n prokeimËnou to diànusma exÏdou na tairiàzei
se kentrikà prwtÏtupa de–gmata ekpa–deushc pou e–nai antiproswpeutikà
enÏc sunÏlou apÏ parÏmoia de–gmata.

Sth mhqanik† màjhsh, to prÏblhma thc màjhshc qwr–c ep–bleyh e–nai Ïti
to s‘sthma prospaje– na brei kàpoia krummËnh dom† sta mh taxinomhmËna
dedomËna. ApÏ th stigm† pou ta parade–gmata pou d–nontai sto s‘sthma
e–nai mh epishmasmËna, den upàrqei sfàlma † antamoib† gia thn axiolÏgh-
sh miac pijan†c l‘shc. H màjhsh qwr–c ep–bleyh e–nai stenà sundedemËnh
me to prÏblhma thc ekt–mhshc puknÏthtac sth statistik†.[37] WstÏso
h màjhsh qwr–c ep–bleyh perilambànei ep–shc pollËc àllec teqnikËc pou
prospajo‘n na sunoy–soun kai na exhg†soun basikà qarakthristikà twn
dedomËnwn. PollËc mËjodoi pou qrhsimopoio‘ntai sthn màjhsh qwr–c e-
p–bleyh bas–zontai se mejÏdouc exÏruxhc dedomËnwn (data mining).

'Ena apÏ ta pio gnwstà e–dh màjhshc qwr–c ep–bleyh e–nai h omadopo–hsh
(clustering). Se autÏ to e–doc thc màjhshc, o stÏqoc den e–nai na megi-
stopoihje– h leitourg–a qrhsimÏthtac, allà apl∏c na brejo‘n omoiÏthtec
sta dedomËna ekpa–deushc. Gia paràdeigma, omadopoi∏ntac àtoma me bàsh
ta dhmografikà stoiqe–a ja mporo‘se na odhg†sei se mia omadopo–hsh
twn plous–wn sth m–a omàda kai touc ftwqo‘c sthn àllh. StÏqoc tou
algor–jmou màjhshc e–nai na kajor–sei sunektikà upos‘nola (sustàdec,
clusters) twn paradeigmàtwn ekpa–deushc. To pl†joc twn sustàdwn e-
–te d–netai ek twn protËrwn wc mËroc thc gn∏shc pou proÙpàrqei e–te
kajor–zetai apÏ ton algÏrijmo màjhshc. EpomËnwc o algÏrijmoc prËpei
na kajor–zei Ëna sqetikà mikrÏ pl†joc sunektik∏n sustàdwn dhl. upo-
sunÏlwn parÏmoiwn paradeigmàtwn. H epilog† tou mËtrou omoiÏthtac
(apÏstashc) e–nai to pio shmantikÏ kommàti thc proÙpàrqousac gn∏shc
kai uy–sthc shmas–ac gia mia epituq† kai ousiastik† omadopo–hsh.

H mh epiblepÏmenh màjhsh, qrhsimopoie–tai arketà kai Ëqei shmei∏sei me-
gàlh exËlixh ta teleuta–a qrÏnia. Gia paràdeigma h Google qrhsimopoie–
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teqnikËc mh epiblepÏmenhc màjhshc gia na aux†sei th diàrkeia mpata-
r–ac sta kinhtà pou trËqoun logismikÏ Android M, apenergopoi∏ntac
kàpoiec uphres–ec gia kàpoio sugkekrimËno qronikÏ diàsthma pou gnw-
r–zei Ïti o qr†sthc den ja qrhsimopoi†sei to kinhtÏ tou. Mpore– na e–nai
mia isqur† teqnik† Ïtan upàrqei Ënac e‘koloc trÏpoc na anatejo‘n ti-
mËc se gegonÏta. Ep–shc, mpore– na e–nai qr†simh Ïtan upàrqoun arketà
stoiqe–a gia na sqhmatisto‘n oi omàdec (an kai autÏ apodeikn‘etai Ïti
e–nai d‘skolo merikËc forËc kai eidikà Ïtan prÏsjeta stoiqe–a sqetikà
me ta mËlh thc sustàdac mpore– na qrhsimopoihjo‘n gia thn paragwg†
peraitËrw apotelesmàtwn.

Oi pio gnwstËc prosegg–seic gia omadopo–hsh e–nai oi akÏloujec. H ie-
rarqik† omadopo–hsh (hierarchical clustering) h opo–a Ëqei d‘o upoka-
thgor–ec. Sth susswreutik† (bottomup) ierarqik† omadopo–hsh, kàje
paràdeigma apotele– arqikà mia xeqwrist† sustàda. Se kàje b†ma tou
algÏrijmou, oi pio Ïmoiec sustàdec sugqwne‘ontai, sqhmat–zontac me
autÏn ton trÏpo Ëna dËntro omadopoi†sewn (dendrÏgramma). Sun†jwc h
sugq∏neush g–netai katà ze‘gh kai odhge– sto sqhmatismÏ enÏc duadiko-
‘ dËntrou. H sugq∏neush suneq–zetai mËqric Ïtou Ïla ta parade–gmata
na an†koun se mia monadik† sustàda. Telikà o algÏrijmoc † o teli-
kÏc qr†sthc epilËgoun to pio katàllhlo ep–pedo sustadopo–hshc apÏ
to dËntro pou Ëqei kataskeuaste–. Sth diairetik† (top-down) ierarqik†
omadopo–hsh, Ïla ta parade–gmata an†koun arqikà se mia sustàda. To
pl†joc twn sustàdwn auxànetai se kàje b†ma tou algÏrijmou diair∏ntac
mia upàrqousa sustàda se (duo sun†jwc) upÏ-sustàdec. H diadikas–a
suneq–zetai mËqri na sqhmatiste– Ëna katàllhlo pl†joc sustàdwn.

H de‘terh prosËggish e–nai h omadopo–hsh me bàsh th diamËrish (par-
titional clustering). Arqikà, prËpei na e–nai gnwstÏ to pl†joc c twn
apaito‘menwn xËnwn sustàdwn. DojËntoc enÏc krithr–ou mËtrhshc thc
katallhlÏthtac thc diamËrishc twn paradeigmàtwn se c sustàdec, o al-
gÏrijmoc anazhtà tic bËltistec diamer–seic twn paradeigmàtwn. H diadi-
kas–a xekinà me mia arqik† omadopo–hsh (h opo–a sun†jwc sqhmat–zetai
me tuqa–a epilog† c paradeigmàtwn), kai Ëna s‘nolo metasqhmatism∏n gia
thn allag† m–ac diamËrishc se mia àllh diamËrish. O algÏrijmoc màjhshc
tropopoie– mia diamËrish mËqric Ïtou kanËnac epitreptÏc metasqhmatismÏc
na mh mpore– na belti∏sei to dojËn krit†rio gia thn katallhlÏthta thc
diamËrishc. Mia apÏ tic pio gnwstËc teqnikËc omadopo–hshc pou an†kei
s’ aut†n thn kathgor–a e–nai o algÏrijmoc K-means, opo–oc anazhtà K
kËntra ta opo–a antiproswpe‘oun to s‘nolo twn arqik∏n shme–wn.

3.3 To paragwgikÏ montËlo kai pwc efarmÏzetai sto prÏblhma mac

Gia thn katàtaxh twn ‘f–lwn’ († akolo‘jwn) tou qr†sth se katàllhlec
omàdec me qr†sh Mh EpiblepÏmenhc Mhqanik†c Màjhshc, to upÏ ekpa-
–deush s‘sthma trofodote–tai me pragmatikà dedomËna ta opo–a Ëqoun
sullege– apÏ tr–a koinwnikà d–ktua (Facebook, Twitter, Google+). O
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algÏrijmoc mh gnwr–zontac ti apotele– swst† dràsh † epijumht† ka-
tàstash, de mpore– na exàgei th swst† sunàrthsh Ëtsi ∏ste na taxi-
nom†sei ta dedomËna. Sunep∏c, prospaje– na anakal‘yei anàmesa sta
dedomËna pou pa–rnei san e–sodo, kàpoiec krummËnec domËc pou pijanÏn
na e–nai autËc pou anazhto‘me. Mia apÏ tic diadedomËnec mejÏdouc ep–lu-
shc auto‘ tou probl†matoc e–nai h sustadopo–hsh (clustering) † me àlla
lÏgia Mh EpiblepÏmenh Mhqanik† Màjhsh. Pio kàtw d–netai h epex†gh-
s† twn majhmatik∏n pou kr‘bontai p–sw apÏ ton algÏrijmo mhqanik†c
màjhshc pou ja qrhsimopoi†soume.

Sth sunËqeia, perigràfoume to montËlo twn koinwnik∏n k‘klwn pou ja
kataskeuàsoume. Epijumo‘me Ëna montËlo koinwnik∏n k‘klwn me ta ex†c
qarakthristikà:

1. KÏmboi mËsa se k‘klouc ja prËpei na Ëqoun koinà qarakthristikà.

2. Diaforetiko– k‘kloi ja prËpei na diamorf∏nontai apÏ diaforetikà
qarakthristikà, gia paràdeigma, Ënac k‘kloc mpore– na apotele–tai
apÏ mËlh miac oikogËneiac kai Ënac àlloc apÏ touc foithtËc pou
foito‘n sto –dio panepist†mio.

3. Oi k‘kloi epitrËpetai na allhlepikal‘ptontai, kai epitrËpetai e-
p–shc h dhmiourg–a mikrÏterwn k‘klwn mËsa se megal‘terouc. Gia
paràdeigma, Ënac k‘kloc f–lwn apÏ to –dio prÏgramma spoud∏n mpo-
re– na sqhmatiste– mËsa se Ënan k‘klo apÏ to –dio panepist†mio,
Ïpwc fa–netai pio pànw sto Sq†ma 2.

4. Ja jËlame na axiopoi†soume tÏso tic plhrofor–ec apÏ ta prof–l
twn qrhst∏n, Ïso kai th dom† tou dikt‘ou prokeimËnou na ento-
p–soume k‘klouc.

5. Sthn idanik† per–ptwsh, ja jËlame na e–maste se jËsh na ento-
p–soume poia qarakthristikà tou prof–l prokàlesan th dhmiour-
g–a enÏc k‘klou, Ëtsi ∏ste to montËlo e–nai ermhne‘simo apÏ ton
qr†sth.

H e–sodoc sto montËlo mac e–nai Ëna (kateujunÏmeno † mh kateujunÏmeno)
d–ktuo G = (V, E) maz– me ta stoiqe–a apÏ to prof–l kàje qr†sth v 2 V.
O kentrikÏc kÏmboc u tou dikt‘ou den sumperilambànetai sto G. To
d–ktuo G apotele–tai apÏ Ïlouc touc f–louc tou qr†sth u. Or–zoume me
autÏ akrib∏c ton trÏpo to d–ktuo diÏti kai sth pragmatikÏthta kàpoioc
qr†sthc o opo–oc taxinome– touc f–louc tou se k‘klouc den sumperilam-
bànei kai ton eautÏ tou se auto‘c touc k‘klouc. Gia kàje d–ktuo, stÏqoc
mac e–nai na problËyoume Ëna s‘nolo apÏ k‘klouc C = C1, ..., Ck, Ck ✓ V
kai na susqet–soume ta parametrikà dian‘smata Jk ta opo–a e–nai upe-
‘juna gia to pwc dhmiourge–tai kàje kukloc.

Kwdikopoi†same ta prof–l se ze‘gh qarakthristik∏n dianusmàtwn j(x, y)
Ëtsi ∏ste na anakal‘youme ta koinà qarakthristikà pou o qr†sthc x kai
o qr†sthc y Ëqoun. H paràmetroc Jk mac de–qnei poiec diastàseic apÏ
autà ta j(x, y) dian‘smata e–nai shmantikËc gia kàje k‘klo Ck. An to qa-
rakthristikÏ diànusma j(x, y) periËqei mia paràmetro h opo–a e–nai koin†
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kai gia touc d‘o qr†stec (x, y), gia paràdeigma an oi d‘o qr†stec ph-
ga–noun sto –dio sqole–o kai o k‘kloc Ck kataskeuàzetai apÏ qr†stec
pou foito‘n se autÏ to sqole–o tÏte h tim† thc paramËtrou Jk prËpei na
e–nai yhl†.

GenikÏtera, pr∏ta ja perigràyoume Ëna montËlo to opo–o mpore– na efar-
mosje– qrhsimopoi∏ntac auja–reta qarakthristikà dian‘smata j(x, y),
kai argÏtera ja asqolhjo‘me me to p∏c na kataskeuàsoume qarakthri-
stikà dian‘smata apÏ ta prof–l qrhst∏n pou Ëqoume.

Perigràfoume Ëna montËlo koinwnik∏n k‘klwn to opo–o antimetwp–zei ta
mËlh tou k‘klou wc mh parathro‘menec metablhtËc. Oi kÏmboi se kàpoio
koinÏ k‘klo Ëqoun th dunatÏthta na dhmiourg†soun akmËc. AutÏ, odhge–
sto na dhmiourgo‘ntai k‘kloi anàmesa se àllouc k‘klouc. Akolo‘jwc,
ja kataskeuàsoume Ëna algÏrijmo mh epiblepÏmenhc màjhshc pou ja
Ëqei wc stÏqo na beltistopoi†sei tic mh parathro‘menec metablhtËc kai
ta koinà qarakthristikà twn prof–l Ëtsi ∏ste na ermhneujo‘n kal‘tera
ta apotelËsmata.

To montËlo mac or–zetai wc ex†c. D–detai Ëna d–ktuo G kai Ëna s‘nolo
apÏ K k‘klouc C = {C1...Ck}. Montelopoio‘me th pijanÏthta Ïti Ëna
ze‘goc kÏmbwn (x, y) 2 V ⇥V dhmiourgo‘n mia akm† wc ex†c:

p((x, y) 2 E) µ exp

8
>>>><

>>>>:
Â

Ck◆{x,y}
(j(x, y),Jk)

| {z }
*

� Â
Ck%{x,y}

ak(j(x, y),Jk)

| {z }
**

9
>>>>=

>>>>;

(3.1)

*: K‘kloi pou periËqoun kai touc d‘o kÏmbouc

**: 'Oloi oi upÏloipoi k‘kloi

Gia kàje k‘klo Ck, h paràmetroc Jk de–qnei thn omoiÏthta metax‘ prof–l
qrhst∏n kai apotele– th paràmetro pou epidi∏koume na màjoume. H ke-
ntrik† idËa e–nai Ïti h tim† tou (f(x,y),Jk) e–nai yhl† an kai oi d‘o kÏmboi
an†koun ston –dio k‘klo Ck. Ant–stoiqa, e–nai qamhl† eàn kanËnac apÏ au-
to‘c den an†kei sto k‘klo Ck. H paràmetroc ak de–qnei pÏso shmantikËc
e–nai oi akmËc mËsa kai Ëxw apÏ touc k‘klouc pou dhmiourgo‘ntai. Wc ek
to‘tou, h pijanÏthta aut† de–qnei Ïti e–nai pijanÏtero na sqhmatisto‘n
akmËc mËsa se †dh upàrqon k‘klouc kai ligÏtero pijanÏn Ëxw apÏ auto‘c.
AutÏ epitugqànetai me thn ‘epibràbeush’ akm∏n pou emfan–zontai mËsa
se k‘klouc s‘mfwna me hj(x, y), qki kai ‘epibol†c kur∏sewn’ twn akm∏n
pou emfan–zontai Ëxw apÏ touc k‘klouc s‘mfwna me akhj(x, y), qki. H
paràmetroc ak rujm–zei thn ‘epibràbeush’ † Ïqi twn akm∏n.

To qarakthristikÏ diànusma j(x, y) kwdikopoie– thn omoiÏthta metax‘
prof–l twn d‘o qrhst∏n x kai y. To parametrikÏ diànusma qk kwdiko-
poie– poia parÏmoia qarakthristikà enÏc prof–l prokàlesan th dhmiour-
g–a kàpoiou k‘klou. Ac shmei∏soume, Ïti to ze‘goc (x, y) ja prËpei
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na antimetwp–zetai wc mh diatetagmËno ze‘goc sthn per–ptwsh enÏc mh-
kateujunÏmenou dikt‘ou (p.q. Facebook), allà ja prËpei na antimetw-
p–zetai wc Ëna diatetagmËno ze‘goc gia ta kateujunÏmena d–ktua (p.q.,
to Google+ kai to Twitter).

Lambànontac upÏyh Ïti oi akmËc e = (x, y) paràgontai anexàrthta, mpo-
ro‘me na gràyoume thn pijanÏthta G Ïpwc fa–netai pio kàtw:

P
q

(G; C) = ’
e2E

p(e 2 E)⇥’
e/2E

p(e /2 E) (3.2)

Ïpou J = (qK, ak)
k=1...K apotele– to s‘nolo twn paramËtrwn tou mo-

ntËlou mac.

Or–zontac thn suntomograf–a:

dk(e) = d(e 2 Ck)� akd(e /2 Ck)

F(e)= Â
Ck2C

dk(e)(j(e),jk)

mac epitrËpei na gràyoume thn pijanÏthta apÏ thn ex–swsh (1), wc p(e 2
E) µ exp{F(e)} (d(c) e–nai mia sunàrthsh de–kthc pou lambànei tim† 1
Ïtan h sunj†kh c ikanopoie–tai. Shmei∏ste Ïti o Ïroc F(#) sumperilam-
bànei kai to jetikÏ kai to arnhtikÏ àjroisma apÏ thn ex–swsh (1).

H pijanÏthta p(e 2 E) µ exp{F(e)} (timËc eisÏdou apo 0..•) den e–nai
kanonikopoihmËnh. Gia na thn kanonikopoi†soume thn jËtoume wc e–sodo
se mia àllh sunàrthsh, h opo–a antistoiqe– timËc apÏ to 0..1. AutÏ ep–shc,
kajor–zei emmËswc thn pijanÏthta p(e /2 E). SugkekrimËna, Ëqoume:

p(e 2 E) =
eF(e)

1 + eF(e)

p(e /2 E) = 1� p(e 2 E) =
1

1 + eF(e)

H logarijmik† pijanÏthta tou G e–nai:

lJ(G; C) = Â
e2E
F(e)� Â

e2V⇥V
log(1 + eF(e)) (3.3)

3.4 H mËjodoc pou qrhsimopoi†same kai pwc paràgetai to K

3.4.1 Expectation-maximization

O algÏrijmoc pou ja qrhsimopoi†soume bas–zetai sto gnwstÏ algÏrij-
mo prosdok–ac-megistopo–hshc Expectation-maximization, pou kànei mia
arqik† eikas–a gia tic paramËtrouc, kai Ëpeita epanalhptikà belti∏nei au-
tËc tic ektim†seic.



3.4 H M'EJODOS POU QRHSIMOPOI'HSAME KAI PWS PAR'AGETAI TO K 39

Sq†ma 3.2: Expectation-maximizationParade–gmata Sustadopo–hshc

H genik† idËa tou algor–jmou e–nai h ex†c:

1. Antikajistà tic elle–pousec timËc me tic katà ekt–mhsh timËc,

2. Ektimà tic paramËtrouc,

3. Epanektimà tic elle–pousec timËc upojËtontac Ïti oi nËec ektim†seic
twn paramËtrwn e–nai swstËc,

4. Epanektimà tic paramËtrouc kai o‘tw kajË ex†c, epanalambànontac
thn proanaferje–sa diadikas–a mËqri na pet‘qoume s‘gklish.

Kàje epanàlhyh tou algor–jmou EM apotele–tai apÏ d‘o b†mata: Ëna
b†ma E (Prosdok–a) pou akolouje–tai apÏ Ëna b†ma M (Megistopo–h-
sh). Sto b†ma E, h anamenÏmenh tim† tou logar–jmou pijanofàneiac tou
pl†rouc sunÏlou dedomËnwn prok‘ptei, lambànontac upÏyh ta parath-
rhjËnta stoiqe–a kai tic kat' ekt–mhsh paramËtrouc apÏ mia prohgo‘menh
epanàlhyh. Sto b†ma M, h desmeumËnh anamenÏmenh tim† tou logar–jmou
pijanofàneiac tou pl†rouc sunÏlou dedomËnwn megistopoie–tai. H tim†
aut† auxànetai Ëwc Ïtou epitugqànetai Ëna stàsimo shme–o. Me àlla
lÏgia, o algÏrijmoc suneq–zetai Ëwc Ïtou h parathrhje–sa pijanofàneia
pou paràgetai se d‘o diadoqikËc epanal†yeic e–nai sqedÏn –dia.

Sunep∏c, antimetwp–zontac touc k‘klouc C wc mh parathro‘menec meta-
blhtËc, prospajo‘me na bro‘me to Ĵ = {Ĵ,â} Ëtsi ∏ste na megistopoi-
†soume th kanonikopoihmËnh logarijmik† pijanÏthta thc ex–swshc 3:

Ĵ, Ĉ = argmax
J,C

lJ(G;C)� lW(j) (3.4)

Epil‘same autÏ to prÏblhma auxànontac tautÏqrona to J kai C.[40] Dh-
lad†, prospaj†same na tairiàxoume th lanjànousa metablht† (ta mËlh
tou k‘klou) kai th paràmetro tou montËlou mac (J). Sthn pràxh, ta
akÏlouja d‘o b†mata epanalambànontai mËqri na upàrxei h epijumht†
s‘gklish:

Ct = argmax
C

l
q

t(G; C) (3.5)
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Jt+1 = argmax
q

l
q

(G; Ct)� lW(j) (3.6)

Beltistopoi†same thn ex–swsh 6 me th qr†sh Limited-memory BFGS
(apotele– algÏrijmo beltistopo–hshc pou an†kei sthn oikogËneia twn me-
jÏdwn quasi-Newton kai prosegg–zei ton algÏrijmo Broyden-Fletcher-
Goldfarb-Shanno (BFGS)) qrhsimopoi∏ntac periorismËno q∏ro mn†mhc
ston upologist†. Apotele– Ëna dhmofil† algÏrijmo gia thn ekt–mhsh pa-
ramËtrwn sth mhqanik† màjhsh. Upolog–zontac tic merikËc parag∏gouc
thc ex–swshc 6 Ëqoume:

∂l
∂Jk

= Â
e2V⇥V

� de(k)j(e)k
eF(e)

1 + eF(e)
+ Â

e2E
dk(e)j(e)k �

∂W
∂Jk

(3.7)

∂l
∂ak

= Â
e2V⇥V

de(e 6/2 Ck)hj(e),Jki
eF(e)

1 + eF(e)
+ Â

e2E
d(e /2 Ck)hj(e),Jki

(3.8)

Gia na beltistopoi†soume thn ex–swsh 6, parathro‘me Ïti gia stajerÏ
lÏgo C/Ci, mporo‘me na l‘soume thn argmaxCi lJ(G; C/C) ekfràzontac
thn wc yeudÏ-duadik† beltistopo–hsh. H yeudÏ-duadik† beltistopo–hsh
anafËretai se probl†mata pou or–zontai se duadikËc metablhtËc. Qrhsi-
mopoi†same duadikËc metablhtËc, gia na kajor–soume katà pÏson † Ïqi
Ënac kÏmboc e–nai mËloc enÏc sugkekrimËnou k‘klou.

Pio sugkekrimËna, ja de–xoume sth sunËqeia Ïti se autÏ to pla–sio, bel-
tistopoi∏ntac ta mËlh enÏc sugkekrimËnou k‘klou mpore– na grafte– sth
morf†

argmax
X

Â
xi ,xj2X

Ei,j(xi, xj)

'Opou xi kai xj e–nai duadikËc metablhtËc, kai Ei,j : {0, 1}2 ! R e–nai
h enËrgeia anà ze‘gh. Aut† e–nai h genik† morf† thc yeudÏ-duadik†c
beltistopo–hshc, Ïpou beltistopoio‘me mia pragmatik† tim† se duadikËc
metablhtËc. Sth sunËqeia, de–qnoume Ïti h beltistopo–hsh twn mel∏n
enÏc k‘klou mpore– na ekfraste– me th morf† aut†.

Oi duadikËc metablhtËc, kwdikopoio‘n ta mËlh twn kÏmbwn se kàpoio su-
gkekrimËno k‘klo Ck. Upàrqoun tËsseric pijanËc peript∏seic pou prËpei
na exetàsoume,

1. Mia akm† emfan–zetai Ëxw apÏ ton k‘klo,

2. Mia akm† pou den an†kei sto G emfan–zetai Ëxw apÏ ton k‘klo,

3. Mia akm† emfan–zetai mËsa ston k‘klo,

4. Mia akm† pou den an†kei sto G emfan–zetai mËsa ston k‘klo.

H per–ptwsh ‘Ëxw apÏ to k‘klo’ sumperilambànei kai th per–ptwsh Ïpou
o Ënac kÏmboc e–nai mËloc tou k‘klou en∏ o àlloc Ïqi. Diaisjhtikà,
jËloume na megistopoi†soume thn enËrgeia kai, epomËnwc, oi peript∏seic
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(2) kai (3) ja prËpei na Ëqoun uyhl† enËrgeia (protimo‘me akmËc mËsa
se k‘klouc), en∏ oi peript∏seic (1) kai (4) ja prËpei na Ëqoun qamhl†
enËrgeia (den jËloume pollËc akmËc Ëxw apÏ touc k‘klouc). H enËrgeia
ja prËpei ep–shc na exartàtai apÏ to hj(#), qki, to opo–o kwdikopoie–
pÏso sumbatà e–nai ta qarakthristikà twn i, j me tic paramËtrouc qk tou
k‘klou. Gia na epiteuqje– autÏ, or–same pr∏ta (gia Ëna ze‘goc kÏmbwn
e):

ok(e) = Â
Ci2C/Ck

dk(e)hj(#), qki

'Opou prosjËtoume Ïlouc touc k‘klouc eqtÏc ton k‘klo Ck tou opo–ou
prospajo‘me na beltistopoi†soume ta mËlh tou. Aut† h Ëkfrash, ja
pàrei jetikËc timËc Ïtan oi kÏmboi sta telikà shme–a miac akm†c e = (i, j)
an†koun se pollo‘c koino‘c k‘klouc (eqtÏc apÏ ton Ck), diaforetikà ja
pàrei arnhtikËc.

Akolo‘jwc, or–zoume thn enËrgeia anà ze‘gh Ek
e (parametropoihmËnh sto

k‘klo k, kai sto ze‘goc twn kÏmbwn e = (x, y)) wc ex†c:

Ek
e (0, 0) = Ek

e (0, 1) = Ek
e (1, 0) =

8
<

:
ok(e)� akhj(e), qki � log(1 + eok(e)�akhj(e),qki), e 2 E

�log(1 + eok(e)�akhj(e),qki), e /2 E

Ek
e (1, 1) =

8
<

:
ok(e) + hj(e), qki � log(1 + eok(e)�akhj(e),qki), e 2 E

�log(1 + eok(e)+hj(e),qki), e /2 E

Ek
e (1, 1) antistoiqe– sthn per–ptwsh Ïpou kai oi d‘o kÏmboi an†koun ston
–dio k‘klo, en∏ stic àllec treic peript∏seic, toulàqiston Ënac kÏmboc den
an†kei ston k‘klo. Shmei∏ste Ïti autÏ perigràfei tic tËsseric pijanËc
peript∏seic Ïpwc perigràfhke prohgoumËnwc (peript∏seic 1 Ëwc 4 e–nai
oi tËsseric ekfràseic sthn prohgo‘menh ex–swsh, ant–stoiqa). TËloc,
to prÏblhma beltistopo–hshc gia na sumperànoume ta mËlh enÏc k‘klou
g–netai:

Ck = argmax
C

Â
(x,y)2V⇥V

Ek
(x,y)(d(x 2 C), d(y 2 C)) (3.9)

Ekfràzontac to prÏblhma me aut† th morf†, mporo‘me na axiopoi†sou-
me tic upàrqousec ulopoi†seic gia thn yeudÏ-duadik† beltistopo–hsh. Ta
probl†mata beltistopo–hshc aut†c thc morf†c e–nai gnwstÏ Ïti e–nai NP-
hard se genikËc grammËc. ParÏla autà, upàrqoun arketo– apodotiko– al-
gÏrijmoi prosËggishc. Qrhsimopoi†same ton algÏrijmo beltistopo–hshc
anoikto‘ k∏dika QBPO (Quadratic Pseudo-Boolean Optimization), o
opo–oc e–nai e–nai se jËsh na prosËggish me akr–beia probl†mata thc
morf†c Ïpwc h ex–swsh (9). Ousiastikà, ta probl†mata tou t‘pou pou
parousiàzetai sthn ex–swsh (9) mei∏nontai se probl†mata mËgisthc ro-
†c. TËtoioi algÏrijmoi Ëqoun poluplokÏthta O(|N|3), an kai o qrÏnoc
ektËleshc mËshc per–ptwshc e–nai arketà kal‘teroc. L‘noume thn ex–sw-
sh (9) gia kàje k‘klo Ck me tuqa–a seirà. Ta d‘o b†mata beltistopo–hshc
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twn exis∏sewn (5) kai (6) epanalambànontai mËqri na sugkl–noun, dhlad†
Ïtan Ct+1 = Ct. TËloc, h ex–swsh (4) g–netai,

W(j) =
K

Â
k=1

|qk |

Â
i=1

|jki|

h opo–a odhge– se araiËc (kai e‘kola ermhne‘simec) paramËtrouc. O al-
gÏrijmoc mpore– na qeiriste– e‘kola sqedÏn Ïla ta d–ktua ektÏc apÏ autà
pou e–nai arketà megàla se mËgejoc. Sthn per–ptwsh tou Facebook, o
mËsoc Ïroc enÏc dikt‘ou e–nai per–pou 190 kÏmboi, en∏ to megal‘tero
d–ktuo pou sunant†same Ëqei 4.964 kÏmbouc. DedomËnou Ïti h mËjodoc
aut† e–nai qwr–c ep–bleyh, exetàzoume kàje d–ktuo xeqwristà. AutÏ shma-
–nei Ïti h mËjodoc mac ja mporo‘se na ekteleste– se olÏklhro to d–ktuo
tou Facebook, diÏti oi k‘kloi aniqne‘ontai anexàrthta gia kàje qr†sth,
kai ta d–ktua tupikà periËqoun mÏno merikËc ekatontàdec kÏmbouc. Pio
kàtw, parousiàzoume ton yeudok∏dika tou algÏrijmou.

Sq†ma 3.3: PrÏbleyh k‘klwn me uperparamËtrouc l, K

To krit†rio BIC Ëqei efarmoste– me epituq–a se arketo‘c algÏrijmouc
omadopo–hshc gia ton kajorismÏ tou bËltistou arijmo‘ omàdwn. Gia na
epilËxoume autÏmata to bËltisto arijmÏ k‘klwn, epilËgoume kàpoio K
Ëtsi ∏ste na elaqistopoie– to eswterikÏ krit†rio egkurÏthtac Bayesian
Information Criterion (BIC). [27] Sunep∏c, to eswterikÏ krit†rio egku-
rÏthtac BIC or–zetai wc:

BIC(K;JK) ' �2lJK(G; C) + |JK|log|E| (3.10)

Ïpou JK e–nai to s‘nolo twn paramËtrwn pou problËyame Ïtan upàr-
qoun K k‘kloi, kai |JK| e–nai o arijmÏc twn paramËtrwn. Sth sunËqeia,
epilËgoume K, Ëtsi ∏ste na elaqistopoihje– h sunàrthsh:

^
K = argmin

K
BIC(K;JK) (3.11)

me àlla lÏgia, Ënac epiplËon k‘kloc ja prosteje– sto montËlo, mÏno an
kàti tËtoio Ëqei shmantikËc epipt∏seic sthn logarijmik† pijanofàneia.
H paràmetroc kanonikopo–hshc or–zetai wc l 2 {0, 1, 10, 100}.
Sunep∏c, se Ëna pio afairetikÏ ep–pedo ta majhmatikà pou kr‘bontai
p–sw apÏ ton algÏrijmo pou qrhsimopoi†same perigràfontai pio kàtw.
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'Estw G = (V, E) apotelËi gràfo Ïpou E ✓ V ⇥Ve–nai to s‘nolo twn
akm∏n. Ep–shc mpore– isod‘nama na parousiaste– wc Ënac tetragwnikÏc
p–nakac A |V|⇥ |V|, Ïpou

A(x, y) =

8
<

:
1 (x, y) 2 E

0 (x, y) /2 E

'Ac upojËsoume ep–shc Ïti, Sk ✓ Ve–nai oi K k‘kloi me thn ant–stoiqh
sunàrthsh twn mel∏n x

k(x) (pou apotelo‘n to k‘klo) Ïpou x 2 V
lambànei th tim† 1 mÏno Ïtan to x 2 Sk. UpojËtoume Ïti to mentËlo gia
th paragwg† twn akm∏n e–nai thc morf†c

P((x, y) 2 E) = P1(x, y) =
exp(F(x,y))

1 + exp(F(x,y))

P((x, y) /2 E) = P0(x, y) =
1

1 + exp(F(x,y))

H pijanÏthta gia to gràfo (pou ja elaqistopoihje–) e–nai P(G) =
’(x,y)2E P1(x, y)’(x,y)/2E P0(x, y) me thn ant–stoiqh logarijmik† pija-
nÏthta na e–nai�log(P(G)) = �Âx,y A(x, y)F(x, y)+ log(1+ exp(F(x, y))).
Gia th sunàrthsh F(x, y) epilËxame mia apl† anaparàstash h opo–a e-
–nai to àjroisma twn d‘o pio kàtw Ïrwn. O pr∏toc Ïroc epexhge– th
paragwg† akm†c apÏ thn ‘parxh k‘klwn kai e–nai:

Â
k

x

k(x)xk(y)hj(x, y), aki

O de‘teroc Ïroc epexhge– th paragwg† akm†c apÏ th mh ‘parxh k‘klwn
kai e–nai:

Â
k
(1� x

k(x)xk(y))hj(x, y), bki

ProsjËtwntac ton Ïro LASSO (blËpe upokefàlaio 3.5.2) W(a, b) =
Âk(||ak||1 + ||bk||1) petuqa–noume kanonikopo–hsh. Sunep∏c Ëqoume th
sunàrthsh kÏstouc J(a, b, x) = �log(P(G)) + lW(a, b) † opo–a mpore–
na epiluje– efarmÏzontac th qr†sh enÏc sunduasmo‘ epanalambànÏmenhc
beltistopo–hshc gia th proseggistik† mËjodo twn k‘klwn Ïpwc peri-
gràyame prohgoumËnwc.

Gia to genikÏ prÏblhma Ëqoume:

J(x) = f (x) + l||c||1

epitugqànoume l‘sh me epanalambanÏmenh efarmog† tou suntelest†

Prox
µ

(x)j = max(0, (1� µ

|xj|
)xj)

SugkekrimËna Ëqoume

x(n + 1) = Prox
l

L
(x(n)� 1

L
r f (x(n))
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Ïpou L = maxx||r f (x)||l2 . TËloc Ëqoume

J(x,y) =
exp(F(x, y)

1 + exp(F(x,y»

∂J
∂ak

= Â
x,y
(Q(x, y)� A(x, y))xk(x)xk(y)f(x, y)

∂J
∂bk

= Â
x,y
(Q(x, y)� A(x, y))(1� x

k(x)xk(y))f(x, y)

Sunep∏c Ëqoume:

k ∂J
∂ak
k`2  |V|2 max

x,y
kf(x, y)k`2

k ∂J
∂bk
k`2  |V|2 max

x,y
kf(x, y)k`2

kai mporo‘me na epilËxoume:

L =
q
(2)|V|2 max

x,y
kf(x, y)k`2

3.5 PalindrÏmhsh

H palindrÏmhsh e–nai m–a statistik† teqnik† gia thn ekt–mhsh twn sqËse-
wn metax‘ twn metablht∏n miac sunàrthshc. Sun†jwc h palindrÏmhsh de-
–qnei pwc metabàlletai h tim† miac exarthmËnhc metablht†c Ïtan allàzei
h tim† miac anexàrththc metablht†c, en∏ h tim† twn upÏloipwn anexàr-
thtwn metablht∏n paramËnei stajer†. O stÏqoc thc palindrÏmhshc e–nai
h e‘resh miac proseggistik†c sunàrthshc pou perilambànei Ïlec tic ane-
xàrthtec metablhtËc. Kàpoiec apÏ tic pio gnwstËc ulopoi†seic thc e–nai
h mËjodoc elaq–stwn tetrag∏nwn kai h grammik† palindrÏmhsh.

H teqnik† thc palindrÏmhshc qrhsimopoie–tai eurËwc gia efarmogËc pro-
blËyewn kai fusikà sth mhqanik† màjhsh. H sugkekrimËnh teqnik† a-
potele– e–nai Ëna pol‘ isqurÏ ergale–o, allà h apotelesmatikÏthta thc
exartàtai apÏ ton trÏpo pou ja epexergasto‘me ta dedomËna allà kai
katà pÏso e–nai sumbatà me kàpoia apÏ tic mejÏdouc palindrÏmhshc.

3.5.1 PalindrÏmhsh korufogramm†c

'Eqei apodeiqje– Ïti h mËjodoc elaq–stwn tetrag∏nwn paràgei th kal‘te-
rh grammik† prosËggish. Upàrqei, Ïmwc h per–ptwsh Ïpou oi metablhtËc
e–nai susqetismËnec me apotËlesma h akr–beia thc sugkekrimËnhc mejÏdou
na mei∏netai dramatikà.
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H palindrÏmhsh korufogramm†c (ridge regression) apotele– mia eurËwc
gnwst† mËjodo gia th kanonikopo–hsh montËlwn pou den mporo‘n na pro-
seggisto‘n kalà apÏ th mËjodo palindrÏmhshc elaq–stwn tetrag∏nwn
e–te giat– den upàrqoun kàpoiec anexàrthtec metablhtËc e–te giat– den
e–nai anexàrthtec. Aut† h teqnik† epitugqànei mei∏nontac ousiastikà to
megàlo mËgejoc kàpoiwn paramËtrwn thc palindrÏmhshc.

3.5.2 Lasso

H mËjodoc Lasso (Least Absolute shrinkage and selection operator)
e–nai mia kanonikopoihmËnh ekdoq† thc mejÏdou elaq–stwn tetrag∏nwn
perior–zontac Ïmwc to mËgejoc tou dian‘smatoc eisÏdou. Sth statisti-
k† kai sthn mhqanik† màjhsh, h teqnik† Lasso e–nai mia mËjodoc palin-
drÏmhshc kai qrhsimopoie–tai gia epilog† metablht∏n sth montelopo–hsh
kàpoiou probl†matoc kaj∏c kai gia kanonikopo–hsh, prokeimËnou na eni-
squje– h akr–beia thc prÏbleyhc. H sugkekrimËnh teqnik† diatup∏jhke
arqikà gia ta montËla elaq–stwn tetrag∏nwn. Apokal‘ptei shmantikËc
plhrofor–ec gia th sumperiforà tou ektimht†, sumperilambanomËnhc thc
sqËshc tou me th teqnik† palindrÏmhshc korufogramm∏n (Ridge Regres-
sion) kai th teqnik† kal‘terhc epilog†c uposunÏlou (Best Subset Selec-
tion).

An kai arqikà e–qe oriste– gia th mËjodo twn elaq–stwn tetrag∏nwn, h
teqnik† kanonikopo–hshc Lasso e‘kola epekte–netai se Ëna eur‘ fàsma
statistik∏n montËlwn, sumperilambanomËnwn genikeumËna grammikà mo-
ntËla, genikeumËnec exis∏seic ekt–mhshc, analogikà montËla kind‘nwn,
kai M-estimators, me sqetikà e‘kolo trÏpo.

O Robert Tibshirani eis†gage th teqnik† Lasso gia na belti∏sei thn
akr–beia thc prÏbleyhc twn montËlwn palindrÏmhshc me thn allag† thc
diadikas–ac prosarmog†c tou montËlou, Ëtsi ∏ste na epilËgete mÏno Ëna
upos‘nolo twn dianusmàtwn eisÏdou gia qr†sh sto telikÏ montËlo. [21]

Prin apÏ th teqnik† Lasso, h pio eurËwc qrhsimopoio‘menh mËjodoc gia
thn epilog† twn dianusmàtwn eisÏdou pou ja sumperilambànontan sto
montËlo †tan klimakwt† epilog†, h opo–a belti∏nei mÏno thn akr–beia thc
prÏbleyhc, se orismËnec peript∏seic, Ïpwc gia paràdeigma Ïtan mÏno l–ga
dian‘smata Ëqoun mia isqur† sqËsh me to apotËlesma. WstÏso, se àllec
peript∏seic, mpore– na kànei to sfàlma thc prÏbleyhc megal‘tero. E-
p–shc, eke–nh thn epoq†, h palindrÏmhsh korufogramm∏n †tan h pio dhmo-
fil†c teqnik† gia th belt–wsh thc akr–beiac prÏbleyhc. H palindrÏmhsh
korufogramm∏n belti∏nei to sfàlma prÏbleyhc me th surr–knwsh twn
megàlwn suntelest∏n twn dianusmàtwn eisÏdou prokeimËnou na meiwje–
to prÏblhma thc uperprosarmog†c.

Me th teqnik† Lasso mporo‘n na tejo‘n kàpoioi apÏ touc suntelestËc
sto mhdËn, en∏ me th teqnik† palindrÏmhshc korufogramm∏n, h opo–a
fa–netai epifaneiakà parÏmoia, den mporo‘n na tejo‘n sto mhdËn. AutÏ
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Sq†ma 3.4: L1 kai L2 norms

ofe–letai sth diaforà sto sq†ma twn or–wn twn periorism∏n stic d‘o
peript∏seic. TÏso h teqnik† Lasso Ïso kai h teqnik† palindrÏmhshc
korufogramm∏n mporo‘n na ermhneujo‘n wc elaqistopoi†seic thc –diac
sunàrthsh.

min
b0,b

{ 1
N
k y� b0 �Qb k2

2}

allà Ëqoun touc ex†c periorismo‘c:k b k16 t gia th teqik† LASSO kai
k b k2

26 t gia th teqnik† palindrÏmhshc korufogramm∏n. ApÏ to sq†ma,
mpore– kane–c na dei Ïti h perioq† periorismo‘ pou or–zetai apÏ thn l1
nÏrma apotele– Ëna tetràgwno pou peristrËfetai Ëtsi ∏ste oi gwn–ec na
br–skontai stouc àxonec, en∏ h perioq† pou or–zetai apÏ th nÏrma l2 e–nai
Ënac k‘kloc, h opo–a e–nai peristrofikà ametàblhth kai, wc ek to‘tou,
den Ëqei gwn–ec.

3.6 Kanonikopo–hsh

3.6.1 AraiËc anaparastàseic

H arq† thc arai†c kwdikopo–hshc e–nai ka–riac shmas–ac gia pollo‘c
tome–c twn s‘gqronwn episthm∏n, h aplo‘sterh ex†ghsh se Ëna su-
gkekrimËno fainÏmeno prËpei na protimàtai se sqËsh me pio per–plokh.
Sto pla–sio thc mhqanik†c màjhshc, pa–rnei th morf† metablht∏n † qa-
rakthristik∏n. Pio sugkekrimËna, kànei to montËlo † th prÏbleyh pio
ermhne‘simh † upologistikà fjhnÏterh. Sun†jwc, ta montËla pou qrh-
simopoio‘ntai sth mhqanik† màjhsh e–nai teràstia se Ïgko kai pollËc
forËc o upologismÏc twn paramËtrwn tou montËlou den e–nai dunatÏ na
epiluje– lÏgo upologistik†c poluplokÏthtac.

Kàpoiec apÏ tic l‘seic pou Ëqoun protaje– sth bibliograf–a gia me–w-
sh tou dian‘smatoc twn qarakthristik∏n, perilambànoun automatopoi-
hmËnouc kai mh algÏrijmouc gia th diagraf† qarakthristik∏n ta opo–a
jewro‘me Ïti den sumbàloun arketà gia na upàrqoun sto montËlo. Me
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autÏ to trÏpo Ïmwc profan∏c qànoume qarakthristikà apÏ to montËlo
mac.Mia kal‘terh teqnik† gia na krat†soume Ïla ta qarakthristikà tou
montËlou mac e–nai h qr†sh kanonikopo–hshc. Qrhsimopoi∏ntac teqnikËc
kanonikopo–hshc mporo‘me na jËsoume bàrh se kàpoiec paramËtrouc Ëtsi
∏ste na jewro‘ntai pio shmantikËc apÏ kàpoiec àllec.

Ep–shc, h teqnik† thc kanonikopo–hshc prospaje– na epil‘sei akÏma Ëna
shmantikÏ prÏblhma. To prÏblhma thc uperprosarmog†c kai thc upopro-
sarmog†c. H upoprosarmog† parousiàzetai Ïtan to montËlo pou prospa-
jo‘me na efarmÏsoume sto prÏblhma e–nai pol‘ aplÏ me apotËlesma o
algÏrijmoc na apotugqànei. Ant–jeta, to prÏblhma thc uperprosarmog†c
e–nai Ïtan prospaj†soume na montelopoi†soume Ëna prÏblhma me Ïsa pe-
rissÏtera qarakthristikà mporo‘me. AutÏ Ëqei san apotËlesma Ïmwc to
montËlo na tairiàzei pàra pol‘ kalà sto prÏblhma àlla apotugqànei gia
th genik† per–ptwsh pol‘ aplà epeid† e–nai pol‘ sugkekrimËno. Sugke-
krimËna prospaj∏ntac na mei∏soume to sfàlma thc sunàrthshc kÏstouc
to montËlo g–netai pol‘ sugkekrimËno kai apotugqànei na genike‘sei kai-
no‘rgia parade–gmata.

'Enac apÏ touc prwtopÏrouc sth jewr–a thc Kanonikopo–hshc †tan o
Tikhonov o opo–oc prÏteine to 1963 th sugkekrimËnh mËjodo gia thn
ep–lush kak∏c orismËnwn (ill-posed) problhmàtwn. Ta probl†mata (ill-
posed) apotelo‘n probl†mata pou e–te den Ëqoun l‘sh, e–te Ëqoun pol-
lËc, e–te autËc e–nai eua–sjhtec se sqËsh me thn epilog† paramËtrwn.
MËsw thc kanonikopo–hshc, stoqe‘oume sthn a‘xhsh thc ikanÏthtac ge-
n–keushc tou sust†matoc, me kÏstoc thn a‘xhsh tou sfàlmatoc ekpa-
–deushc. Ep–shc, ta perissÏtera probl†mata Ëqoun apeir–a l‘sewn kai ta
bàrh mporo‘n na pàroun auja–reta uyhlËc timËc, kàti pou den e–nai epiju-
mhtÏ. EpomËnwc, katafe‘goume sthn kanonikopo–hsh gia na epibàlloume
mikrËc timËc kai omalÏthta sta bàrh.

Gia thn epilog† metablht∏n se grammikà montËla, oi araiËc anapara-
stàseic mporo‘n na epiteuqjo‘n àmesa me to na mei∏soume kàpoiec apÏ
tic paramËtrouc tou dian‘smatoc bàrouc. WstÏso, autÏ odhge– se duse-
p–luta sunduastikà probl†mata tàxhc NP.Mia sunhjismËnh prosËggish
tou probl†matoc e–nai h antikatàstash twn diastàsewn tou sunÏlou apÏ
thn l1-nÏrma.

MetatrËpontac tic araiËc anaparastàseic wc beltistopoi†seic kurt∏n
sunart†sewn Ëqoume arketà pleonekt†mata. SugkekrimËna, odhgo‘maste
se apodotiko‘c algÏrijmouc ektim†sewn se ant–jesh me ta dusep–luta
sunduastikà probl†mata pou ja antimetwp–zame. Ep–shc, Ïtan oi araiËc
anaparastàseic e–nai kalà orismËnec, h kanonikopo–hsh apÏ thn l1-nÏrma
metatrËpetai se prÏblhma uyhl∏n diastàsewn, Ïpou o arijmÏc twn meta-
blht∏n tou montËlou mpore– na e–nai ekjetikÏc se s‘gkrish me ton arijmÏ
twn parathr†sewn.
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Sq†ma 3.5: S‘gkish anàmesa se tre–c diaforetikËc teqnikËc palindrÏmhshc

'Enac apÏ touc sunhjËsterouc trÏpouc gia th kanonikopo–hsh thc su-
nàrthshc kÏstouc e–nai h prosj†kh thc uperparamËtrou l kai tou Ïrou
kanonikopo–hshc. ProsjËtontac, autà ta d‘o sth sunàrthsh rujm–zou-
me thn epirro† tou Ïrou sth sunolik† sunàrthsh kÏstouc. Me autÏ to
trÏpo epitugqànoume na protim∏ntai mikrËc timËc bar∏n kai epomËnwc ti-
mwre–tai h poluplokÏthta twn apeikon–sewn. PrËpei na e–maste idia–tera
proseqtiko– sthn epilog† thc uperparamËtrou l Ëtsi ∏ste oi kl–seic se
Ënan algÏrijmo katàbashc dunamiko‘, na proËrqontai apÏ th sunàrthsh
kÏstouc kai Ïqi apÏ ton Ïro kanonikopo–hshc. Me àlla lÏgia, prËpei na
bro‘me th qrus† tom† metax‘ thc sunàrthshc kÏstouc kai tou Ïrou ka-
nonikopo–hshc Ëtsi ∏ste na montelopoi†soume to prÏblhma mei∏nontac
Ïso perissÏtero mporo‘me to prÏblhma thc uperprosarmog†c kai thc
upoprosarmog†c. [20]

Gia tic beltistopoi†seic kurt∏n sunart†sewn to prÏblhma Ëqei thn ex†c
morf†:

min
w2<p

f (w) + lW(w) (3.12)

Ïpou h f : <p ! < e–nai kurt† diafor–simh sunàrthsh kai W : <p ! <
asuneq†c mh Eukle–deia sunàrthsh.

Sth mhqanik† màjhsh problËpoume ta apotelËsmata y 2 Y apÏ para-
thr†seic x 2 X. Oi parathr†seic autËc anapar–stantai tic pio pollËc
forËc apÏ dian‘smata diastàsewn p Ëtsi ∏ste to X = <p. Gia n ze-
‘gh dedomËnwn {(x(i), y(i)) 2 <p ⇥ Y; i = 1, ...n}, gia grammikà montËla
Ëqoume, f (w) := 1

n Ân
i=1 l(y(i), wTx(i)). Sth sunËqeia, kàpoia apÏ ta tu-

pikà montËla gia sunart†seic apwlei∏n e–nai h mËjodoc twn elàqistwn
tetrag∏nwn, gia paràdeigma l(y, ŷ) = 1

2 (y � ŷ)2 Ïpou y 2 <, kai oi
logarijmikËc ap∏leiec l(y, ŷ) = log(1 + e�yŷ), Ïpou y 2 {�1, 1}.[31]

Gnwr–zontac Ïti oi l‘seic tou probl†matoc Ëqoun meriko‘c mh mhde-
niko‘c suntelestËc W suqnà epilËgetai na e–nai h l1 � norm dhlad†:
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W(w)=Âp
j=1|wj|.[31] AutÏ odhge– sth teqnik† LASSO. Me to na qrh-

simopoi†soume th nÏrma l1 sth teqnik† thc kanonikopo–hshc pou efar-
mÏzoume epitugqànoume araiËc anaparastàseic. SugkekrimËna, anàloga
me to bajmÏ thc kanonikopo–hshc, kàpoioc arijmÏc mhdenik∏n suntele-
st∏n sto diànusma apotelesmàtwn ja Ëqei tim† mhdËn.

3.6.2 ProseggistikËc mËjodoi

Oi proseggistikËc mËjodoi qrhsimopoio‘ntai sugkekrimËna gia th belti-
stopo–hsh miac sunàrthshc thc morf†c (12), dhlad†, sunàrthsh h opo–a
mpore– na grafte– wc to àjroisma miac genik†c diafor–simhc sunàrthshc
f , kai miac mh-diafor–simhc sunàrthshc lW. 'Eqoun kentr–sei to endia-
fËrwn sth koinÏthta thc mhqanik†c màjhshc, kur–wc lÏgw twn posost∏n
thc s‘gklishc touc kai thn ikanÏthtà touc na antimetwp–zoun d‘skola
mh-le–a kurtà probl†mata.

Oi proseggistikËc mËjodoi mporo‘n na perigrafo‘n wc ex†c: se kàje
epanàlhyh h sunàrthsh f grammikopoi†tai g‘rw apÏ to trËqon shme–o
kai epil‘etai Ëna prÏblhma thc morf†c:

min
w2<

f (wt) +r f (wt)T(w� wt) + lW(w)+
L
2
k w� wt k2

2 (3.13)

O Ïroc deutËrou bajmo‘, pou onomàzetai kai proseggistikÏc Ïroc, kratà
to apotËlesma se mia kontin† perioq† thc trËqousac epanàlhyhc wt Ïpou
h sunàrthsh f e–nai kontà se mia grammik† prosËggish thc. To L > 0
apotele– paràmetro, h opo–a prËpei ousiastikà na e–nai Ëna ànw fràgma
gia th stajerà Lipschitz thc r f .

EpomËnwc, to prÏblhma pa–rnei thn ex†c morf†:

min
e2<p

1
2
k w� (wt � 1

L
r f (wt)) k2

2 +
l

L
W(w) (3.14)

rËpei na shmeiwje– Ïti Ïtan h sunàrthsh W den upàrqei tÏte h sunàrthsh
pa–rnei th morf† wt+1  wt � 1

Lr f (wt). EpiplËon, eàn h sunàrthsh W
apotele– sunàrthsh de–kth tou sunÏlou iC tÏte h ep–lush thc sunàrthshc
14 e–nai h probol† thc kl–shc sto s‘nolo C. AutÏ upodhl∏nei Ïti h l‘sh
tou proseggistiko‘ probl†matoc parËqei mia endiafËrousa gen–keush thc
kl–shc, kai parakine– thn eisagwg† thc Ënnoiac tou proseggistiko‘ Ïrou
pou sqet–zetai me ton Ïro thc kanonikopo–hshc lW.

O proseggistikÏc Ïroc ton opo–o or–same wc Prox
µ

W, or–sthke arqikà
apÏ to Moreau (1962) wc h sunàrthsh pou qartografe– Ëna diànusma
u 2 <p sth monadik† l‘sh

min
w2<p

1
2
k u� w k2 +µW(w) (3.15)
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O basikÏc proseggistikÏc algÏrijmoc qrhsimopoie– th l‘sh tou pro-
bl†matoc 14 wc thn epÏmenh epanàlhyh wt+1. WstÏso, àllec paralla-
gËc tou sugkekrimËnou algor–jmou, diathro‘n d‘o metablhtËc kai tic
qrhsimopoio‘n Ëtsi ∏ste na sunduàsoun th l‘sh tou probl†matoc 14 me
plhrofor–ec sqetikà me prohgo‘mena b†mata. Sun†jwc, to ànw fràgma
gia th stajerà Lipschitz r f den e–nai gnwstÏ, kai akÏmh kai an e–nai,
e–nai suqnà protimÏtero na lhfje– mia topik† ekt–mhsh. M–a katàllhlh
tim† gia to L mpore– na lhfje– auxànontac epanalhptikà to L katà Ëna
stajerÏ paràgonta Ëwc Ïtou h sunj†kh

f (w⇤L)  ML
f (w

t, w⇤L) := f (wt) +r f (wt)T(w⇤L � wt) +
L
2
k w⇤L � wt k2

2

(3.16)

na ikanopoihje–.

3.7 EnallaktikËc proseggistikËc mËjodoi

3.7.1 K-Means

O algÏrijmoc K-Means e–nai Ënac apÏ touc pio aplo‘c kai dhmofilËste-
rouc algor–jmouc sustadopo–hshc (clustering) pou an†koun sthn eu-
r‘terh kathgor–a twn teqnik∏n màjhshc qwr–c ep–bleyh.[19] Apotele–
dhmofil† algÏrijmo exait–ac thc aplÏthtac thc ulopo–hshc tou kai thc
grammik†c poluplokÏthtac tou h opo–a e–nai thc tàxhc O(n). O algÏrij-
moc K-Means prËpei na gnwr–zei ek twn protËrwn twn arijmÏ K twn
sustàdwn.

Sq†ma 3.6: AlgÏrijmoc K-Means

H kentrik† idËa tou algor–jmou e–nai

1. ProsdiorismÏc K kËntrwn (centroids) – Ëna gia kàje sustàda (clus-
ter)
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2. Epilog† kàje stoiqe–ou apÏ to s‘nolo dedomËnwn kai susqËtish
tou me to kontinÏtero se autÏ kËntro.

3. UpologismÏc xanà K nËwn kËntrwn, ta opo–a ja apotelo‘n to
kËntro bàrouc gia kàje sustàda pou proËkuye apÏ to prohgo-
‘meno b†ma.

4. Epilog† kàje stoiqe–ou apÏ to s‘nolo dedomËnwn kai susqËtish
tou me to kontinÏtero se autÏ kËntro.

5. Epanàlhyh twn bhmàtwn 1-4 mËqri na mhn shmeiwjo‘n antimeta-
jËseic stoiqe–wn.

Shme–wsh: Ta arqikà kËntra prËpei na epilego‘n me to katàllhlo trÏpo,
diÏti gia diaforetikËc arqikËc jËseic Ëqoume diaforetikà apotelËsmata.
Dhlad†, h arqik† jËsh twn kËntrwn pou ja epilego‘n, ephreàzei to
apotËlesma pou ja d∏sei o algÏrijmoc. mia kal† taktik† e–nai h epilo-
g† eke–nwn twn kËntrwn ∏ste na apËqoun metax‘ touc Ïso perissÏtero
g–netai.

'Etsi, g–netai mia epanàlhyh thc –diac diadikas–ac. ApotËlesma aut†c thc
epanàlhyhc e–nai Ïti se kàje b†ma ta kËntra allàzoun jËsh (or–zontai
nËa) kai ta stoiqe–a anat–jentai sth katàllhlh sustàda kàje forà me
bàsh to kontinÏtero kËntro. 'Otan se kàpoia epanàlhyh den shmeiwjo‘n
antimetajËseic stoiqe–wn, tÏte termat–zei h ektËlesh tou algor–jmou. To
apotËlesma pou prok‘ptei e–nai h omadopo–hsh tou sunÏlou dedomËnwn
se K sustàdec clusters .

3.7.2 Ierarqik† Omadopo–hsh

H ierarqik†c omadopo–hshc (hierarchical clustering), bas–zetai sthn idËa
Ïti ta antike–mena pou br–skontai pio kontà susqet–zontai perissÏtero se
sqËsh antike–mena pou br–skontai pio makrià. O algÏrijmoc en∏nei anti-
ke–mena me bàsh thn apÏstash pou apËqoun metax‘ touc. Kàje sustàda
(cluster) mpore– na perigrafe– se megàlo bajmÏ apÏ th mËgisth apÏsta-
sh pou qreiàzetai gia na sundejo‘n ta antike–mena thc sustàdac.[19] Se
diaforetikËc apostàseic, dhmiourgo‘ntai diaforetikËc sustàdec, h opo-
–ec mpore– na anaparastajo‘n qrhsimopoi∏ntac Ëna dendrÏgramma, ge-
gonÏc pou exhge– giat– proËkuye h onomas–a ‘ierarqik† sustadopo–hsh’.
Auto– oi algÏrijmoi den parËqoun mia monadik† diamËrish tou sunÏlou
dedomËnwn, allà parËqoun mia ektetamËnh ierarq–a sustàdwn pou sug-
qwne‘ontai metax‘ touc se sugkekrimËnec apostàseic.
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Sq†ma 3.7: Ierarqik† Omadopo–hsh

Oi algÏrijmoi ierarqik†c omadopo–hshc diafËroun metax‘ touc anàloga
me to pia mËjodo qrhsimopoio‘n gia upologismÏ twn apostàsewn metax‘
twn antikeimËnwn. EktÏc apÏ tic sunhjismËnec sunart†seic gia upolo-
gismÏ apostàsewn, o qr†sthc prËpei ep–shc na apofas–sei pio krit†rio
s‘ndeshc ja qrhsimopoihje–. Dhmofile–c epilogËc e–nai gnwstËc wc apl†
s‘ndesh (to elàqisto twn apostàsewn antikeimËnou), pl†rh s‘ndesh (to
mËgisto twn apostàsewn antikeimËnou) † UPGMA (apotele– to mËso twn
apostàsewn twn antikeimËnwn). TËloc, autËc oi mËjodoi den paràgoun
mia monadik† diamËrish tou sunÏlou dedomËnwn, allà mia ierarq–a apÏ
thn opo–a exakolouje– na qreiàzetai o qr†sthc na epilËxei tic katàllh-
lec sustàdec.
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Parà to gegonÏc Ïti to s‘sthmà mac, ulopoie– algÏrijmo qwr–c ep–bleyh,
jËloume na Ëqoume gia e–sodo epishmasmËna dedomËna Ëtsi ∏ste na mpo-
rËsoume na axiolog†soume katà pÏso pet‘qame to epijumhtÏ apotËlesma.
KatafËrame na apokt†soume d–ktua ‘f–lwn’ gia tr–a apÏ ta megal‘tera
koinwnikà d–ktua (Facebook, Twitter, Google+).[42]1 2 3

ApÏ to Facebook Ëqoume dedomËna gia to prof–l kai th dom† 10 di-
kt‘wn, ta opo–a apotelo‘ntai apÏ 193 k‘klouc kai 4039 qr†stec. Ta
dedomËna l†fjhkan qrhsimopoi∏ntac thn efarmog† tou Facebook. Gia
thn apÏkthsh twn dedomËnwn pragmatopoi†jhke mia Ëreuna metax‘ 10
qrhst∏n (kur–wc foitht∏n), oi opo–oi kl†jhkan na prosdior–soun qei-
rok–nhta se poiouc k‘klouc an†kei o kàje f–loc touc. H diadikas–a ta-
xinÏmhshc twn f–lwn kàje qr†sth di†rkhse per–pou 2 Ëwc 3 ∏rec gia
olÏklhro to d–ktuo touc. Katà mËso Ïro, oi qr†stec prosdiÏrisan 19
k‘klouc sta d–ktua touc, me mËso mËgejoc k‘klou 22 f–lwn. Parade-
–gmata twn k‘klwn pou l†fjhkan, perilambànoun foithtËc, pou Ëqoun
kàpoia koinà qarakthristikà metax‘ touc Ïpwc panepist†mio, maj†mata,
ajlhtikËc omàdec, suggene–c, kai o‘tw kajex†c.

To pio kàtw sq†ma de–qnei to bajmÏ ston opo–o oi 193 (qeirok–nhta
epishmasmËnoi) k‘kloi, sta 10 d–ktua pou p†rame apÏ to Facebook, al-
lhlepikal‘ptontai (tËmnontai) metax‘ touc. Per–pou to Ëna tËtarto twn
epishmasmËnwn k‘klwn e–nai anexàrthtoi apÏ opoiod†pote àllo k‘klo.
An kai Ëna upos‘nolo –swc na periËqetai entÏc àllou k‘klou, Ïpwc gia
paràdeigma Ëna s‘nolo f–lwn, oi opo–oi e–qan to –dio màjhma, apotelo‘n
upos‘nolo twn foitht∏n pou foito‘n ston –dio klàdo † panepist†mio.
To upÏloipo 50% twn koinot†twn pou upàrqoun sump–ptoun se kàpoio
bajmÏ me Ëna àllo k‘klo.

1 https://snap.stanford.edu/data/egonets-Facebook.html
2 http://snap.stanford.edu/data/egonets-Gplus.html
3 http://snap.stanford.edu/data/egonets-Twitter.html
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Sq†ma 4.1: IstÏgramma twn k‘klwn pou allhlepikal‘ptontai (sto Facebook).
H tim† mhdËn de–qnei Ïti o k‘kloc den tËmnetai me kanËna apÏ touc
upÏloipouc k‘klouc tou qr†sth, en∏ h tim† Ëna upodeikn‘ei Ïti
Ënac k‘kloc perilambànetai entel∏c se Ëna àllo. Per–pou to 25%
twn k‘klwn sumperilambànontai entel∏c se kàpoio àllo apÏ touc
k‘klouc.

Gia ta àlla d‘o s‘nola dedomËnwn, làbame dedomËna pou e–nai diajËsima
sto koinÏ. ApÏ to Google+, l†fjhkan dedomËna apÏ 133 d–ktua, ta o-
po–a apotelo‘ntai apÏ 479 k‘klouc kai 106.674 qr†stec. Oi k‘kloi tou
Google+ e–nai entel∏c diaforetiko– apÏ auto‘c tou Facebook, me thn
Ënnoia Ïti oi qr†stec pou touc dhmio‘rghsan epËlexan na touc dhmo-
siopoi†soun, kai ep–shc to Google+ e–nai Ëna kateujunÏmeno d–ktuo se
ant–jesh me to Facebook to opo–o den e–nai (shmei∏ste Ïti to montËlo
mac mpore– na efarmoste– tÏso se kateujunÏmena Ïso kai se mh kateuju-
nÏmenh d–ktua). Gia paràdeigma, pollo– apÏ touc k‘klouc tou Google+
apotelo‘n koinÏthtec apÏ suggrafe–c, politiko‘c, † diashmÏthtec, oi o-
po–oi profan∏c den e–nai steno– f–loi aut∏n twn qrhst∏n pou sunjËtoun
kàpoio d–ktuo, allà e–nai aplà àtoma ta opo–a jaumàzoun auto‘c touc
sugkekrimËnouc qr†stec kai jËloun na touc akoloujo‘n. TËloc, apÏ to
Twitter, làbame dedomËna apÏ 1.000 d–ktua, pou apotelo‘ntai apÏ 4.869
k‘klouc kai 81.362 qr†stec. Ta d–ktua apÏ to Twitter l†fjhkan me thn
ex†c teqnik†. Arqikà epilËghke Ënac tuqa–oc qr†sthc, kai me qr†sh al-
gor–jmou Anaz†thshc Pr∏ta se Bàjoc (BFS breadth-first-search) epi-
lËgontan qr†stec oi opo–oi e–qan dhmiourg†sei toulàqisto d‘o l–stec me
f–louc touc. H anaz†thsh stamàthse mÏlic up†rqan dedomËna gia 1000
qr†stec. Ta d–ktua pou l†fjhkan, kuma–nontai se mËgejoc apÏ 10 Ëwc
4964 kÏmbouc.

Upàrqei h pijanÏthta na upàrqoun orismËnec prokatal†yeic sta de–gmata
pou Ëqoume. Oi qr†stec pou Ëqoume apÏ to Twitter e–nai kur–wc foithtËc,
oi qr†stec tou Google+ epËlexan na dhmosiopoi†soun touc k‘klouc
touc (oi opo–oi den periËqoun proswpiko‘c f–louc), kai o‘tw kajex†c.
Gia na antimetwpiste– autÏ, Ja †tan idanikÏ na e–qame kàpoio megal‘tero
s‘nolo dedomËnwn pou ja e–qe wc e–sodo to montËlo mac, dustuq∏c Ïmwc
autà ta dedomËna Ëqoume sth diàjesh mac.

Sta dedomËna mac Ëqoume ajroistikà, 1143 diaforetikà d–ktua, 5541
k‘klouc kai 192075 qr†stec. Oi diaforËc megËjouc, metax‘ twn su-
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nÏlwn dedomËnwn pou Ëqoume sth diàjesh mac, antikatoptr–zoun apl∏c
th diajesimÏthta twn dedomËnwn, apÏ kajem–a apÏ tic treic phgËc pou
melet†same. To s‘nolo twn dedomËnwn pou Ëqoume apÏ to Facebook e-
–nai pl†rwc epishmasmËno, me thn Ënnoia Ïti Ëqoume tic koinÏthtec pou
o kàje qr†sthc jewre– Ïti antikatoptr–zoun thn pragmatikÏthta, se a-
nt–jesh me to Google+ kai Twitter gia ta opo–a Ëqoume mÏno dedomËna
ta opo–a e–nai dhmÏsia diajËsima.
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KATASKEUH QARAKTHRIST IKWN APO TA
PROFIL TWN QRHSTWN

Oi plhrofor–ec gia to prof–l kàpoiou qr†sth se Ïla ta s‘nola dedo-
mËnwn pou Ëqoume sth diàjesh mac, ja anaparastajo‘n san Ëna dËntro
Ïpou kàje ep–pedo kwdikopoie– Ïlo kai pio sugkekrimËnec plhrofor–ec.
me àlla lÏgia, ta prof–l qrhst∏n organ∏nontai se oloËna kai pio su-
gkekrimËnec kathgor–ec. To prof–l kàpoiou qr†sth, periËqei plhrofo-
r–ec gia to pou ergàzetai † pio e–nai to ep–pedo spoud∏n tou, autËc oi
plhrofor–ec qwr–zontai se upokathgor–ec, gia paràdeigma to Ïnoma tou
panepisthm–ou pou fo–thse † foità kaj∏c kai to t‘po tou panepisthm–ou.
'Opwc, parathro‘me sto dËntro (pou fa–netai sto sq†ma 16) ta f‘lla
periËqoun sugkekrimËnec plhrofor–ec gia autËc tic upokathgor–ec.

Sq†ma 5.1: Kataskeu† qarakthristik∏n gia kàje prof–l qr†sth. Ta prof–l
e–nai domhmËna se morf† dËntrou kai kataskeuàzoume ta qarakth-
ristikà sugkr–nontac ta monopàtia sto dËntro. Sthn eikÏna emfa-
n–zontai parade–gmata gia d‘o qr†stec.

Parathr†same Ïti oi qr†stec organ∏noun touc koinwniko‘c touc k‘klouc
me d‘o trÏpouc. E–te sqhmat–zoun k‘klouc g‘rw apÏ touc qr†stec oi o-
po–oi Ëqoun kàpoia koin† idiÏthta, e–te sqhmat–zoun k‘klouc g‘rw apÏ
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touc qr†stec oi opo–oi moiràzontai kàpoia koin† idiÏthta maz– touc. Gia
paràdeigma, Ënac qr†sthc mpore– na Ëqei arketo‘c f–louc oi opo–oi er-
gàzontai sth Google allà o –dioc na mhn ergàzetai. 'Ara e–nai pijanÏn na
epijume– na dhmiourg†sei koinwniko‘c k‘klouc me autà ta àtoma an kai
den Ëqoun kàpoia koin† idiÏthta. Se aut† th per–ptwsh h koin† idiÏthta
aut∏n twn qrhst∏n, pou sto paràdeigma mac e–nai h douleià, den pa–zei
kajoristikÏ rÏlo sth dhmiourg–a twn koinwnik∏n k‘klwn tou qr†sth. H
de‘terh per–ptwsh, profan∏c, e–nai na Ëqoun kàpoia koin† idiÏthta, Ïpwc
gia paràdeigma na foito‘n sto –dio panepist†mio, na ergàzontai maz– † na
katoiko‘n sthn –dia perioq†. Me autÏ to trÏpo, Ëqoume th dunatÏthta
na ektim†soume poia apÏ autËc tic upojËseic antiproswpe‘ei kal‘tera
ta dedomËna pou lambànoume.

Sq†ma 5.2: Ta qarakthristikà pou p†rame apÏ to Facebook. Kàje Ëna apÏ ta
26 f‘lla e–nai mia kathgor–a apÏ qarakthristikà.

ApÏ to Google+, pa–rnoume dedomËna apÏ Ëxi kathgor–ec (f‘lo, ep∏nu-
mo, jËseic ergas–ac, idr‘mata, panepist†mia kai tÏpo diamon†c). ApÏ to
Facebook, sullËxame dedomËna apÏ 26 kathgor–ec, sumperilambanomËnwn
tÏpou diamon†c, hmeromhn–a gËnnhshc, sunadËlfouc, kaj∏c kai politikËc
kai jrhskeutikËc pepoij†seic. TËloc, apÏ to Twitter pa–rnoume dedomËna
apÏ d‘o kathgor–ec, pio sugkekrimËna pa–rnoume ta hashtags kai tic a-
naforËc pou qrhsimopo–hse kàje qr†sthc se diàrkeia d‘o ebdomàdwn.
'Opwc Ëqoume proanafËrei, sth dom† dedomËnwn pou ja organ∏soume tic
plhrofor–ec pou sullËxame oi kathgor–ec apotelo‘n touc gone–c kai oi
plhrofor–ec kàje kathgor–ac ta f‘lla. To pl†rec s‘nolo stoiqe–wn pou
pa–rnoume apÏ to Facebook fa–netai sto Sq†ma 17.

JËloume na dhmiourg†soume Ëna diànusma diafor∏n Ëtsi ∏ste na kwdi-
kopoi†soume tic sqËseic metax‘ twn qrhst∏n. Ousiastikà, jËloume na
kwdikopoi†soun tic diastàseic tou dian‘smatoc, gia na mporo‘me na xe-
qwr–zoume pia qarakthristikà Ëqoun koinà d‘o qr†stec. Ac upojËsoume
kàje qr†sthc v 2 V Ëqei Ëna prof–l Tv to opo–o parousiàzetai san mia
dom† dËntrou kai l 2 Tv e–nai Ëna f‘llo se autÏ to dËntro.[42] Or–zoume
th dianusmatik† diaforà sx,y metax‘ d‘o qrhst∏n x kai y wc duadikÏ de-
–qth de–qnontac me autÏ to trÏpo poia qarakthristikà twn d‘o qrhst∏n
e–nai diaforetikà (Sq†ma 16, kàtw aristerà).
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sx,y[l] = d((l 2 Tx) 6= (l 2 Ty) (5.1)

Parà to gegonÏc, Ïti, to diànusma diafor∏n Ëqei to pleonËkthma Ïti
kwdikopoie– tic plhrofor–ec tou prof–l me exairetik† analutikÏthta, pa-
rousiàzei to meionËkthma Ïti Ëqei arketà megàlec diastàseic. (mËqri 4122
diastàseic sta dedomËna pou Ëqoume sth diàjesh mac). 'Enac trÏpoc gia
na antimetwpiste– autÏ, e–nai na dhmiourg†soume dian‘smata diaforàc,
pou bas–zontai stouc gone–c twn kÏmbwn f‘llwn. me autÏn ton trÏpo,
Ëqoume kwdikopoi†sei tic koinËc kathgor–ec pou Ëqoun oi d‘o qr†stec,
agno∏ntac Ïmwc sugkekrimËnec timËc me apotËlesma to paragÏmeno di-
ànusma na Ëqei ligÏterec diastàseic (Sq†ma 16 kàtw dexià). 'Opwc fa–ne-
tai sto sq†ma gnwr–zoume poia qarakthristikà Ëqoun koinà d‘o qr†stec
allà to diànusma den periËqei tic timËc gia autà ta qarakthristikà.

s

0
x,y[p] = Â

l2children(p)
sx,y[l] (5.2)

H prosËggish aut†, Ëqei to pleonËkthma, Ïti, apaite– Ëna stajerÏ arijmÏ
diastàsewn gia ta dian‘smata, anexàrthta apÏ to mËgejoc tou dikt‘ou
pou meleto‘me (26 gia to Facebook, 6 gia to Google+, 2 gia to Twitter).

Me bàsh ta dian‘smata diaforàc sx,y kai s’x,y, perigràfoume pwc ja kata-
skeuasto‘n ta qarakthristikà twn akm∏n j(x, y). H pr∏th idiÏthta pou
prËpei na montelopoihje– e–nai Ïti ta mËlh twn k‘klwn prËpei na Ëqoun
koinËc sqËseic metax‘ touc.

j

1(x, y) = (1;�sx,y) (5.3)

H de‘terh idiÏthta pou jËloume na montelopoi†soume e–nai, ta mËlh twn
k‘klwn na Ëqoun koinËc sqËseic me to qr†sth ston opo–o an†kei to
d–ktuo. Se aut† thn per–ptwsh ta qarakthristikà or–zontai me bàsh to
qr†sth u ston opo–o an†kei to d–ktuo. 'Eqoume:

j

2(x, y) = (1;�|sx,u � sy,u|) (5.4)

Qrhsimopoi∏ntac tic d‘o pio pànw idiÏthtec Ëqoume thn dunatÏthta na a-
xiolog†soume poioc mhqanismÏc tairiàzei kal‘tera gia kàje qr†sth, diÏti
kàje qr†sthc Ëqei elafr∏c diaforetik† ant–lhyh gia to poiouc qr†stec
prËpei na periËqoun oi k‘kloi tou. Kai stic d‘o peript∏seic, upàrqei Ëna
stajerÏ qarakthristikÏ (‘1’), to opo–o metrà to bajmÏ ston opo–o oi
k‘kloi apotelo‘ntai apÏ f–louc. AutÏ mac epitrËpei na problËyoume ta
mËlh enÏc k‘klou, akÏmh kai gia qr†stec pou den Ëqoun ta apara–th-
ta stoiqe–a sto prof–l touc, mÏno apÏ to na gnwr–zoume me poia mËlh
sundËontai.

Ep–shc, gia th morf† tou dian‘smatoc s

0
x,y me tic ligÏterec diastàseic

Ëqoume:

y

1(x, y) = (1; s

0
x,y), y

2(x, y) = (1;�|s0x,u � s

0
y,u|) (5.5)

TËloc, prosdior–same tËsseric diaforetiko‘c trÏpouc gia na parousi-
àsoume th sumbatÏthta metax‘ d‘o qrhst∏n. EpilËxame d‘o trÏpouc gia
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th kataskeu† twn dianusmatik∏n diafor∏n (sx,y, s

0
x,y), kai d‘o trÏpouc

(j(x, y), y(x, y)) gia na katagràyoume th sumbatÏthta metax‘ d‘o qrh-
st∏n. Ta qarakthristikà autà, e–nai sqediasmËna gia th montelopo–hsh
twn d‘o akÏloujwn sumperifor∏n pou proanafËrame:

1. Oi qr†stec stouc opo–ouc an†kei to d–ktuo, kataskeuàsoun k‘klouc
g‘rw apÏ koinËc sqËseic pou Ëqoun metax‘ touc oi f–loi touc.

2. Oi qr†stec stouc opo–ouc an†kei to d–ktuo, kataskeuàsoun k‘klouc
g‘rw apÏ koinËc sqËseic pou Ëqoun metax‘ touc oi f–loi touc kai
sqËseic pou Ëqoun kai auto– me touc f–louc touc.
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6.1 Egonetworks.java

1 /*
egocirlces is free software: you can redistribute it and/or

modify
it under the terms of the GNU General Public License as

published by
the Free Software Foundation, either version 3 of the License

, or
(at your option) any later version.

6
Sevirus is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty

of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

11
You should have received a copy of the GNU General Public

License
along with Foobar. If not, see <http://www.gnu.org/licenses

/>.

*/
16 package egonetworks;

import solver.Egosolver;
import solver.Unknowns;

21 /**
*
* @author orbit

*/
public class Egonetworks {

26
/**
* @param args

* the command line arguments

*/
31 public static void main(String[] args) {

String edgeFile = " ";
String featureFile = " ";
String fileName = " src/Data/facebook";

36

67
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edgeFile = fileName + "/3980.edgesm";
featureFile = fileName + "/3980.featmDeletedSorted";

FeatureGraph fg = Egoreader.userFeatureGraphReader(edgeFile,
featureFile);

41
LogLikelihood ll = new LogLikelihood(fg);

Unknowns uknowns = Egosolver.solve(ll, 100, 10, 1e-6);
46

boolean[][] circles = uknowns.getCircles();

int circleNo = 0;
for (boolean[] circle : circles) {

51 System.out.println(" Circle is " + circleNo + " and contains
: ");

circleNo++;
for (int node = 0; node < circle.length; node++) {
if (circle[node]) {
System.out.print(" " + node);

56 }
}
System.out.println(" ");

}

61 }

} ⇧
6.2 Egoreader.java

/*
2 * To change this license header, choose License Headers in

Project Properties.

* To change this template file, choose Tools | Templates

* and open the template in the editor.

*/
package egonetworks;

7
import java.io.BufferedReader;
import java.io.FileNotFoundException;
import java.io.FileReader;
import java.io.IOException;

12 import java.awt.Point;
import java.util.*;

/**
*

17 * @author orbit

*/
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public class Egoreader {

public static List<String[]> readStrippedFields(String
filename) {

22 BufferedReader br = null;
List<String[]> combs = new ArrayList<>();
try {

br = new BufferedReader(new FileReader(filename));
boolean finished = false;

27 do {
String line = br.readLine();
if ((line != null) && !line.isEmpty()) {

String[] linefields = line.split("\\s+");
combs.add(linefields);

32 } else {
finished = true;

}
} while (!finished);

} catch (FileNotFoundException e) {
37 e.printStackTrace();

} catch (IOException e) {
e.printStackTrace();

} finally {
if (br != null) {

42 try {
br.close();

} catch (IOException e) {
e.printStackTrace();

}
47 }

}
return combs;

}

52 public static boolean[][] cycleReader(int nodes, String
cyclesFileName) {
List<boolean[]> combs = new ArrayList<>();
List<String[]> separatedfields = Egoreader.

readStrippedFields(cyclesFileName);
for (String[] linefields : separatedfields) {

boolean[] cycle = new boolean[nodes];
57 for (String field : linefields) {

int node = Integer.parseInt(field);
cycle[node] = true;

}
combs.add(cycle);

62 }
boolean[][] cycles = new boolean[combs.size()][];
int index = 0;
for (boolean[] cycle : combs) {

cycles[index++] = cycle;
67 }

return cycles;
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}

public static boolean[][] edgeReader(String edgeFileName) {
72 Set<Point> edgepoints = new HashSet<Point>();

int upper = Integer.MIN_VALUE;
int lower = Integer.MAX_VALUE;
List<String[]> separatedfields = Egoreader.

readStrippedFields(edgeFileName);
for (String[] endpoints : separatedfields) {

77 int from = Integer.parseInt(endpoints[0]);
int to = Integer.parseInt(endpoints[1]);
if (from > upper) {

upper = from;
}

82 if (to > upper) {
upper = to;

}

if (from < lower) {
87 lower = from;

}
if (to < lower) {

lower = to;
}

92 edgepoints.add(new Point(from, to));
}

if ((upper == Integer.MIN_VALUE) || (lower == Integer.
MAX_VALUE)) {
return null;

97 }

if (lower != 1) {
return null;

}
102

if (upper <= 0) {
return null;

}

107 int nodes = upper + 1;

boolean[][] edges = new boolean[nodes][nodes];

for (Point p : edgepoints) {
112 edges[p.x][p.y] = true;

}

return edges;
}

117
public static double[][] featureReader(int nodes, String

featureFileName) {
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double[][] features = new double[nodes][];
List<String[]> separatedfields = Egoreader.

readStrippedFields(featureFileName);
for (String[] linefields : separatedfields) {

122 int node = Integer.parseInt(linefields[0]);
double[] sfeats = new double[linefields.length - 1];
for (int i = 0; i < linefields.length - 1; i++) {

sfeats[0] = Double.parseDouble(linefields[i + 1])
;

}
127 features[node] = sfeats;

}
if (features[0].length == 0) {

return null;
}

132
int checkpoint = features[0].length;
for (double[] feature : features) {

if ((feature == null) || (feature.length !=
checkpoint)) {
return null;

137 }
}
return features;

}

142 public static FeatureGraph userFeatureGraphReader(String
edgeFileName, String featureFileName) {
boolean[][] edges = Egoreader.edgeReader(edgeFileName);
int nodes = edges.length;
double[][] features = Egoreader.featureReader(nodes,

featureFileName);
int checkpoint = features[0].length;

147 double[][][] pairwisefeatures = new double[nodes][nodes][
checkpoint];

for (int i = 0; i < nodes; i++) {
for (int j = 0; j < nodes; j++) {

for (int l = 0; l < checkpoint; l++) {
pairwisefeatures[i][j][l] = features[i][l] ==

features[j][l] ? 1 : 0;
152 }

}
}
return new FeatureGraph(edges, pairwisefeatures);

}
157 } ⇧

6.3 FeatureGraph.java

/*
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egocirlces is free software: you can redistribute it and/or
modify

3 it under the terms of the GNU General Public License as
published by

the Free Software Foundation, either version 3 of the License
, or

(at your option) any later version.

Sevirus is distributed in the hope that it will be useful,
8 but WITHOUT ANY WARRANTY; without even the implied warranty

of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public
License

13 along with Foobar. If not, see <http://www.gnu.org/licenses
/>.

*/
package egonetworks;

18 /**
*
* @author orbit

*/
public class FeatureGraph {

23
public boolean[][] graph;
public double[][][] features;
int numedges;

28 public FeatureGraph(boolean[][] edges, double[][][] features)
{
this.features = features;
this.numedges = 0;
this.graph = edges;
for (int x = 0; x < this.graph.length; x++) {

33 for (int y = 0; y < this.graph.length; y++) {
if (this.graph[x][y]) {

this.numedges++;
}

}
38 }

}

public int getNodes() {
return this.graph.length;

43 }

public int getFeatureDim() {
return this.graph.length;

}
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48
public boolean hasEdge(int x, int y) {

return graph[x][y];
}

53 public double[][][] getFeatures() {
return features;

}

public int getNumedges() {
58 return numedges;

}

public double[] getFeatures(int x, int y) {
return this.features[x][y];

63 }
} ⇧
6.4 LogLikelihood.java

1 /*
egocirlces is free software: you can redistribute it and/or

modify
it under the terms of the GNU General Public License as

published by
the Free Software Foundation, either version 3 of the License

, or
(at your option) any later version.

6
Sevirus is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty

of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

11
You should have received a copy of the GNU General Public

License
along with Foobar. If not, see <http://www.gnu.org/licenses

/>.

*/
16 package egonetworks;

import solver.Unknowns;
import java.math.*;

21 import qpbosolver.*;
import java.util.*;
import java.util.function.*;

/**
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26 *
* @author orbit

*/
public class LogLikelihood {

31 public FeatureGraph g;

public LogLikelihood(FeatureGraph g) {
this.g = g;

}
36

public double getL(Unknowns uknowns) {
int nodes = this.g.getNodes();
double result = Math.sqrt(2 * uknowns.getK());
result *= (nodes * nodes + this.g.getNumedges());

41
double maximum = 0;
for (int x = 0; x < nodes; x++) {

for (int y = 0; y < nodes; y++) {
double temp = 0;

46 for (double d : this.g.getFeatures(x, y)) {
temp += (d * d);

}
temp = Math.sqrt(temp);

51 if (maximum < temp) {
maximum = temp;

}
}

}
56

return result * maximum;

}

61 public double Phi(int x, int y, Unknowns uknowns) {
double phi = 0;
double[] features = this.g.getFeatures(x, y);
for (int k = 0; k < uknowns.getK(); k++) {

double temp = 0;
66 double[] tau = uknowns.getTau()[k];

for (int l = 0; l < features.length; l++) {
temp += features[l] * tau[l];

}
phi += temp;

71 }

for (int k = 0; k < uknowns.getK(); k++) {
if (uknowns.getCircles()[k][x] && uknowns.getCircles

()[k][y]) {
double temp = 0;

76 double[] tau = uknowns.getTau()[k];
double[] theta = uknowns.getTheta()[k];
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for (int l = 0; l < features.length; l++) {
temp += features[l] * (theta[l] - tau[l]);

}
81 phi += temp;

}
}
return phi;

}
86

public double NakedLogLikelihood(int x, int y, Unknowns
uknowns) {
if (x == y) {

return 0;
}

91 double term1 = 0;
double term2 = 0;
double phi = this.Phi(x, y, uknowns);
if (this.g.hasEdge(x, y)) {

term1 = phi;
96 }

term2 = Math.log(1 + Math.exp(phi));
return -term1 + term2;

}

101 public double NakedLogLikelihood(Unknowns uknowns) {
double sum = 0;
int nodes = this.g.getNodes();
for (int x = 0; x < nodes; x++) {

for (int y = 0; y < nodes; y++) {
106 sum += this.NakedLogLikelihood(x, y, uknowns);

}
}

return sum;
111 }

public double[][] derivativeofTheta(Unknowns uknowns){
int nodes = this.g.getNodes();
int featurenum=this.g.getFeatureDim();

116
double [][] params=new double[nodes][featurenum];

for (int k = 0; k < uknowns.getK(); k++) {
for(int l=0;l<featurenum;l++){

121 for (int x = 0; x < nodes; x++) {
for (int y = 0; y < nodes; y++) {

double weight=Math.exp(this.Phi(x, y, uknowns
));

weight = -( weight / (1+weight));
if(g.hasEdge(x, y)){

126 weight += 1;
}
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if (uknowns.getCircles()[k][x] && uknowns.
getCircles()[k][y]){
params[k][l] += weight * this.g.

getFeatures()[x][y][l];
} else {

131 params[k][l] += 0;
}

}
}
}

136
}

return params;

141 }

public double[][] derivativeofTau(Unknowns uknowns){
int nodes = this.g.getNodes();
int featurenum=this.g.getFeatureDim();

146
double [][] params=new double[nodes][featurenum];

for (int k = 0; k < uknowns.getK(); k++) {
for(int l=0;l<featurenum;l++){

151 for (int x = 0; x < nodes; x++) {
for (int y = 0; y < nodes; y++) {

double weight=Math.exp(this.Phi(x, y, uknowns
));

weight = -( weight / (1+weight));
if(g.hasEdge(x, y)){

156 weight += 1;
}
if (uknowns.getCircles()[k][x] && uknowns.

getCircles()[k][y]){
params[k][l] += 0;

} else {
161 params[k][l] += weight * this.g.

getFeatures()[x][y][l];
}

}
}
}

166
}

return params;

171 }

public double bic(Unknowns uknowns) {
int nodes = this.g.getNodes();
int K = uknowns.getK();
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176 //return (-2 * this.NakedLogLikelihood() + this.graph.
length * this.uknowns.circles.length * Math.log(this.
numedges));

return (-2 * this.NakedLogLikelihood(uknowns) + nodes * K

* Math.log(nodes * (nodes - 1)));
}

} ⇧
6.5 Validator.java

/*
egocirlces is free software: you can redistribute it and/or

modify
it under the terms of the GNU General Public License as

published by
the Free Software Foundation, either version 3 of the License

, or
5 (at your option) any later version.

Sevirus is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty

of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

10 GNU General Public License for more details.

You should have received a copy of the GNU General Public
License

along with Foobar. If not, see <http://www.gnu.org/licenses
/>.

15

*/
package egonetworks;

/**
20 *

* @author orbit

*/
public class Validator {

25 public static double getBER(boolean[] circle1, boolean[]
circle2) {
int a1 = 0;
int a2 = 0;
int count1 = 0;
int count2 = 0;

30
for (int x = 0; x < circle1.length; x++) {

if (circle1[x]) {
if (!circle2[x]) {
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a1++;
35 }

count1++;
} else {

if (circle2[x]) {
a2++;

40 }
count2++;

}
}

45 double b1 = a1;
double b2 = a2;

return 0.5 * ((b1 / (count1 + 1)) + (b2 / (count2 + 1)));
}

50
public static double evaluate(boolean[][] circles1, boolean

[][] circles2) {
double err = 0;
for (int f = 0; f < circles1.length; f++) {

double minimum = Validator.getBER(circles1[f],
circles2[0]);

55 for (int g = 1; g < circles2.length; g++) {
double temp = Validator.getBER(circles1[f],

circles2[g]);
if (temp < minimum) {

minimum = temp;
}

60 }
err += minimum;

}

return (err / circles1.length);
65 }

} ⇧
6.6 PairwiseEnergy.java

/*
* To change this license header, choose License Headers in

Project Properties.

* To change this template file, choose Tools | Templates
4 * and open the template in the editor.

*/
package qpbosolver;
import java.util.*;

9 /**
*
* @author orbit
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*/
public class PairwiseEnergy{

14 public int x,y;
public double e_0_0,e_0_1,e_1_0,e_1_1;

} ⇧
6.7 QPBOInput.java

/*
* To change this license header, choose License Headers in

Project Properties.

* To change this template file, choose Tools | Templates
4 * and open the template in the editor.

*/
package qpbosolver;
import java.util.*;

9 /**
*
* @author orbit

*/
public class QPBOInput{

14 public int nodes;
public int edges;
public PairwiseEnergy[] pairwiseenergies;
public UnaryEnergy[] unaryenergies;

} ⇧
6.8 QPBOSolution.java

/*
2 * To change this license header, choose License Headers in

Project Properties.

* To change this template file, choose Tools | Templates

* and open the template in the editor.

*/
package qpbosolver;

7
/**
*
* @author orbit

*/
12 public class QPBOSolution {

static {
if (System.getProperty("os .name").equals("Linux")) {
System.load("/home/piyiotisk/Downloads/qpbo/jnicpbo/

Release/libjnicpbo . so");
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17 }else{
System.loadLibrary(" libjnicpbo . dll ");

}
}

22 public native void create_qpbo(int nodes,int edges);
public native void add_unary_energies(int node,double e_0,

double e_1);
public native void add_pairwise_energies(int x,int y,double

e_0_0,double e_0_1,double e_1_0,double e_1_1);
public native void find_solution();
public native int get_flag(int node);

27 public native void dispose_qpbo();

} ⇧
6.9 Qpbosolver.java

1 /*
* To change this license header, choose License Headers in

Project Properties.

* To change this template file, choose Tools | Templates

* and open the template in the editor.

*/
6 package qpbosolver;

/**
*
* @author orbit

*/
11 public class Qpbosolver {

/**
* @param args the command line arguments

16 */
public static void main(String[] args) {

QPBOSolution solution = new QPBOSolution();

QPBOInput input = new QPBOInput();
21 input.nodes=2;

input.edges=1;
UnaryEnergy u1=new UnaryEnergy();
u1.e_0=0;
u1.e_1=2;

26 UnaryEnergy u2=new UnaryEnergy();
u1.e_0=3;
u1.e_1=6;
PairwiseEnergy p1=new PairwiseEnergy();
p1.x=0;

31 p1.y=1;
p1.e_0_0=2;
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p1.e_0_1=3;
p1.e_1_0=4;
p1.e_1_1=6;

36
input.unaryenergies=new UnaryEnergy[]{u1,u2};
input.pairwiseenergies=new PairwiseEnergy[]{p1};
int[] flags=new int[input.nodes];

41 solution.create_qpbo(input.nodes,input.edges);
int index=0;
for(UnaryEnergy ue : input.unaryenergies){

solution.add_unary_energies(index++,ue.e_0,ue.e_1);
}

46
for(PairwiseEnergy pe : input.pairwiseenergies){

solution.add_pairwise_energies(pe.x,pe.y,pe.e_0_0,pe.
e_0_1,pe.e_1_0,pe.e_1_1);

}

51 solution.find_solution();

for(int i=0;i<input.nodes;i++){
flags[i]=solution.get_flag(i);

56 System.out.println(" flag "+Integer.toString(i)+" has
value "+flags[i]);

}

solution.dispose_qpbo();
}

61 } ⇧
6.10 UnaryEnergy.java

/*
* To change this license header, choose License Headers in

Project Properties.

* To change this template file, choose Tools | Templates
4 * and open the template in the editor.

*/
package qpbosolver;
import java.util.*;

9 /**
*
* @author orbit

*/
public class UnaryEnergy {

14 public double e_0,e_1;
} ⇧
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6.11 CircleSolver.java

/*
egocirlces is free software: you can redistribute it and/or

modify
it under the terms of the GNU General Public License as

published by
the Free Software Foundation, either version 3 of the License

, or
5 (at your option) any later version.

Sevirus is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty

of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

10 GNU General Public License for more details.

You should have received a copy of the GNU General Public
License

along with Foobar. If not, see <http://www.gnu.org/licenses
/>.

15 */
package solver;

import egonetworks.LogLikelihood;
import java.util.ArrayList;

20 import java.util.List;
import java.util.Random;
import qpbosolver.PairwiseEnergy;
import qpbosolver.QPBOInput;
import qpbosolver.QPBOSolution;

25 import qpbosolver.UnaryEnergy;

/**
*
* @author orbit

30 */
public class CircleSolver {

LogLikelihood ll;
Random rr;

35
public CircleSolver(LogLikelihood ll) {
this.ll = ll;
this.rr = new Random();

}
40

public Unknowns findCircles(Unknowns unknowns) {
unknowns = unknowns.modifiableCircles();
int K = unknowns.getK();
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45 for (int k = 0; k < K; k++) {
boolean[] temp = this.solveQPBO(k, unknowns);
unknowns.circles[k] = temp;

}
return unknowns;

50 }

public QPBOInput FormulateQPBO(int circle, Unknowns unknowns) {
int nodes = this.ll.g.getNodes();
unknowns = unknowns.modifiableCircles();

55 List<PairwiseEnergy> lista = new ArrayList<>();

for (int x = 0; x < nodes; x++) {
for (int y = 0; y < nodes; y++) {
PairwiseEnergy temp = new PairwiseEnergy();

60 temp.x = x;
temp.y = y;
unknowns.getCircles()[circle][x] = false;
unknowns.getCircles()[circle][y] = false;
temp.e_0_0 = ll.NakedLogLikelihood(x, y, unknowns);

65 unknowns.getCircles()[circle][x] = false;
unknowns.getCircles()[circle][y] = true;
temp.e_0_1 = ll.NakedLogLikelihood(x, y, unknowns);
unknowns.getCircles()[circle][x] = true;
unknowns.getCircles()[circle][y] = false;

70 temp.e_1_0 = ll.NakedLogLikelihood(x, y, unknowns);
unknowns.getCircles()[circle][x] = true;
unknowns.getCircles()[circle][y] = true;
temp.e_1_1 = ll.NakedLogLikelihood(x, y, unknowns);
lista.add(temp);

75 }
}

QPBOInput input = new QPBOInput();
input.nodes = nodes;

80 input.edges = nodes * (nodes - 1);
input.unaryenergies = new UnaryEnergy[0];
input.pairwiseenergies = lista.toArray(new PairwiseEnergy[0])

;
return input;

}
85

public boolean[] solveQPBO(int circle, Unknowns unknowns) {
QPBOSolution solution = new QPBOSolution();
QPBOInput input = this.FormulateQPBO(circle, unknowns);
solution.create_qpbo(input.nodes, input.edges);

90 boolean[] flags = new boolean[input.nodes];
int index = 0;
for (UnaryEnergy ue : input.unaryenergies) {
solution.add_unary_energies(index++, ue.e_0, ue.e_1);

}
95

for (PairwiseEnergy pe : input.pairwiseenergies) {
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if (pe.x != pe.y) {
solution.add_pairwise_energies(pe.x, pe.y, pe.e_0_0, pe.

e_0_1, pe.e_1_0, pe.e_1_1);
}

100 }

solution.find_solution();

for (int i = 0; i < input.nodes; i++) {
105 int temp = solution.get_flag(i);

System.out.println(" flag " + Integer.toString(i) + " has
value " + temp);

if (temp == 0) {
flags[i] = false;

110 } else if (temp == 1) {
flags[i] = true;

} else {
flags[i] = rr.nextBoolean();

}
115 }

solution.dispose_qpbo();
return flags;

}
120

} ⇧
6.12 Egosolver.java

/*
egocirlces is free software: you can redistribute it and/or

modify
it under the terms of the GNU General Public License as

published by
4 the Free Software Foundation, either version 3 of the License

, or
(at your option) any later version.

Sevirus is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty

of
9 MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

GNU General Public License for more details.

You should have received a copy of the GNU General Public
License

along with Foobar. If not, see <http://www.gnu.org/licenses
/>.

14

*/
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package solver;

import egonetworks.LogLikelihood;
19 import java.math.*;

/**
*
* @author orbit

24 */
public class Egosolver {

public static Unknowns solve(LogLikelihood ll,double lambda,
int K, double tolerance) {

Unknowns unknowns = Unknowns.generateInitial(lambda,K
,ll.g.getNodes(),ll.g.getFeatureDim());

29 CircleSolver cslv=new CircleSolver(ll);
double previous_value=ll.NakedLogLikelihood(unknowns)

+ unknowns.getRegularization(lambda);;
double err=0;
do {

Unknowns u1=cslv.findCircles(unknowns);
34 Unknowns u2=ProximalSolver.solve(u1, ll,lambda);

double after_value=ll.NakedLogLikelihood(u2) + u2
.getRegularization(lambda);

System.out.println(" after="+after_value+" ,
previous="+previous_value);

err=Math.abs(after_value-previous_value);
previous_value=after_value;

39 unknowns=u2;
}while(err >= tolerance);
return unknowns;

}

44
} ⇧
6.13 ProximalMethod.java

/*
egocirlces is free software: you can redistribute it and/or

modify
it under the terms of the GNU General Public License as

published by
the Free Software Foundation, either version 3 of the License

, or
5 (at your option) any later version.

Sevirus is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty

of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
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10 GNU General Public License for more details.

You should have received a copy of the GNU General Public
License

along with Foobar. If not, see <http://www.gnu.org/licenses
/>.

15 */
package solver;

import java.util.function.*;
20 import java.math.*;

/**
*
* @author orbit

25 */
public class ProximalMethod {

Function<double[], Double> objective;
Function<double[], double[]> derivative;

30 double lambda;
double L;

ProximalMethod(Function<double[], Double> objective, Function
<double[], double[]> derivative, double lambda, double L)
{
this.lambda = lambda;

35 this.L = L;
this.objective = objective;
this.derivative = derivative;

}

40 public double[] proximal_projection(double mu, double[] x) {
double[] result = (double[]) x.clone();
for (int i = 0; i < x.length; i++) {

if (Math.abs(x[i]) > mu) {
45 result[i] = x[i] - mu * Math.signum(x[i]);

} else {
result[i] = 0;

}
}

50 return result;
}

public double[] solve(double[] initial, double tolerance) {
double[] x = (double[]) initial.clone();

55 double err = 0;
do {

double[] direction = (double[]) x.clone();
double[] temp = this.derivative.apply(x);
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for (int i = 0; i < x.length; i++) {
60 direction[i] = x[i] - temp[i] / this.L;

}
double[] next_x = this.proximal_projection(this.

lambda / this.L, direction);
err = 0;
for (int i = 0; i < x.length; i++) {

65 err += ((next_x[i] - x[i]) * (next_x[i] - x[i]));
}
err = Math.sqrt(err);

} while (err >= tolerance);

70 System.out.println("heee");
//debug
for (int i = 0; i < x.length; i++) {

System.out.println(x);
}

75
return x;

}
} ⇧
6.14 ProximalSolver.java

/*
2 egocirlces is free software: you can redistribute it and/or

modify
it under the terms of the GNU General Public License as

published by
the Free Software Foundation, either version 3 of the License

, or
(at your option) any later version.

7 Sevirus is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty

of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

12 You should have received a copy of the GNU General Public
License

along with Foobar. If not, see <http://www.gnu.org/licenses
/>.

*/
package solver;

17
import egonetworks.FeatureGraph;
import java.util.ArrayList;
import java.util.List;
import java.util.Random;
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22 import qpbosolver.PairwiseEnergy;
import qpbosolver.QPBOInput;
import qpbosolver.UnaryEnergy;
import egonetworks.*;
import java.util.function.*;

27 import qpbosolver.QPBOSolution;

/**
*
* @author orbit

32 */
public class ProximalSolver {

public static class Objective implements Function<double[],
Double> {

37 public Double apply(double[] x) {
return ll.NakedLogLikelihood(unknowns.unzip(x)) +

unknowns.getRegularization(this.lambda);
}

Unknowns unknowns;
42 LogLikelihood ll;

double lambda;

public Objective(Unknowns unknowns, LogLikelihood ll,
double lambda) {
this.unknowns = unknowns;

47 this.ll = ll;
this.lambda=lambda;

}
}

52 public static class Derivative implements Function<double[],
double[]> {

public double[] apply(double[] loc) {

//debug
57 for (int i = 0; i < loc.length; i++) {

System.out.println(loc[i]);
}

62 Unknowns temp=unknowns.unzip(loc);
double[][] dertheta = ll.derivativeofTheta(temp);
double[][] dertau = ll.derivativeofTau(temp);

double[] params = new double[2 * dertheta.length *
dertheta[0].length];

67 int index = 0;
for (int k = 0; k < dertheta.length; k++) {

for (int x = 0; x < dertheta[k].length; x++) {
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params[index++] = dertheta[k][x];
}

72 }
for (int k = 0; k < dertheta.length; k++) {

for (int x = 0; x < dertheta[k].length; x++) {
params[index++] = dertau[k][x];

}
77 }

return params;
}

Unknowns unknowns;
82 LogLikelihood ll;

public Derivative(Unknowns unknowns, LogLikelihood ll) {
this.unknowns = unknowns;
this.ll = ll;

87 }
}

public static Unknowns solve(Unknowns unknowns, LogLikelihood
ll,double lambda){

92 double L=ll.getL(unknowns);
Derivative derivative=new Derivative(unknowns,ll);
Objective objective=new Objective(unknowns,ll,lambda);
ProximalMethod pxm = new ProximalMethod(objective,

derivative,lambda,L);
double [] ending=pxm.solve(unknowns.makeVector(), 0.01);

97 return unknowns.unzip(ending);
}

} ⇧
6.15 Unknowns.java

/*
egocirlces is free software: you can redistribute it and/or

modify
it under the terms of the GNU General Public License as

published by
the Free Software Foundation, either version 3 of the License

, or
5 (at your option) any later version.

Sevirus is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty

of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

10 GNU General Public License for more details.
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You should have received a copy of the GNU General Public
License

along with Foobar. If not, see <http://www.gnu.org/licenses
/>.

15 */
package solver;

import java.util.Random;

20 /**
*
* @author orbit

*/
public class Unknowns {

25
boolean[][] circles;
double[][] tau;
double[][] theta;

30 private Unknowns(){}

public double getRegularization(double lambda) {
double temp = 0;
for (int k = 0; k < this.tau.length; k++) {

35 for (int l = 0; l < this.tau[k].length; l++) {
temp += Math.abs(this.theta[k][l]);
temp += Math.abs(this.tau[k][l]);

}
}

40
return lambda * temp;

}

public int getK() {
45 return circles.length;

}

public boolean[][] getCircles() {
return circles;

50 }

public double[][] getTau() {
return tau;

}
55

public double[][] getTheta() {
return theta;

}

60
public static Unknowns generateInitial(double lambda, int K,

int nodes, int features) {
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//initialize cycle data randomly
Unknowns unknowns = new Unknowns();
unknowns.tau = new double[K][features];

65 unknowns.theta = new double[K][features];
unknowns.circles = new boolean[K][nodes];
Random rr = new Random();
for (int x = 0; x < nodes; x++) {

for (int k = 0; k < K; k++) {
70 unknowns.circles[k][x] = rr.nextBoolean();

}
}
return unknowns;

}
75

public Unknowns unzip(double [] params){

Unknowns unknowns=new Unknowns();
unknowns.circles=this.circles;

80 int index=0;

for(int k=0;k<theta.length;k++){
for(int x=0;x<theta[k].length;x++){

unknowns.theta[k][x]=params[index++];
85 }

}

for(int k=0;k<theta.length;k++){
for(int x=0;x<theta[k].length;x++){

90 unknowns.tau[k][x]=params[index++];
}

}
return unknowns;

}
95

public double[] makeVector(){
int index=0;

double [] params=new double[2*theta.length*theta[0].
length];

100
for(int k=0;k<theta.length;k++){

for(int x=0;x<theta[k].length;x++){
params[index++]=this.theta[k][x];

}
105 }

for(int k=0;k<theta.length;k++){
for(int x=0;x<theta[k].length;x++){

params[index++]=this.tau[k][x];
110 }

}

//debug
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for (int i = 0; i < params.length; i++) {
115 System.out.println(params[i]);

}

return params;
}

120
public Unknowns modifiableCircles(){

Unknowns unknowns=new Unknowns();
unknowns.tau=this.tau;

125 unknowns.theta=this.theta;

int K = this.circles.length;
int nodes=this.circles[0].length;

130 boolean[][] tempcircles = new boolean[K][nodes];
for (int k = 0; k < K; k++) {

tempcircles[k] = (boolean[]) this.circles[k].clone();
}

135 unknowns.circles=tempcircles;
return unknowns;

}

} ⇧
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